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Preface to the Second Edition 


In the fifteen years that have elapsed since the publication of the first 
edition of this book considerable advances have taken place in our 
knowledge of physical growth, if not—and I believe the matter is dis- 
puted—in education. So far as auxological principles go, nothing much 
has changed; most of the advance has been in matters of detail. Asa result 
we see more clearly now, for example, the importance of sensitive or 
critical periods in growth; the manner in which the brain and endocrine 
glands control the initiation of puberty; the relative importance of 
nutritional and social stimulation in the early development of the nervous 
system; the extraordinary resilience of the young organism in its ability to 
recover through ‘catch-up’ growth. We have been relieved of the never 
very real fear that the secular trend toward earlier maturity would march 
on towards the nursery school. 

But the lessons we can draw for education from Human Biology 
remain; and remain, perhaps, to be learned. Has education progressed 
from the apple-sorter towards the network? Have the implications of 
biological variability made headway in the minds of the educational 
planners? Have the sufferings of early and late maturers met a more ready 
response from the teachers? Those are matters I must ask the reader to 
decide. 
have revised and up-dated where necessary all parts of the book, and 
in particular the chapters relating to the development of the brain and the 
interaction of hereditary and environmental factors in controlling 
growth. In regard to the latter I have been much helped by the immense 
compilation and synthesis of data made possible by the recent Interna- 
tional Biological Programme and reported in World-wide Variation in 
Human Growth (P.B. Eveleth and J.M. Tanner, Cambridge University 
Press, 1976). 

In one particular respect the first edition of this book proved very useful 
to its author. From 1963 to 1966 I served on the Plowden Committee on 
Primary Education (Children and their Primary Schools, Vols I, II, a Report 


of the Central Advisory Council for Education; Her Majesty’s Stationery 
Office, 1967). The experience was wholly enjoyable and rewarding and I 
emerged with enhanced liking as well as respect not only for my 
colleagues on the Committee (whose desire actually to help children and 
not necessarily administrators burned bright and clear throughout the 
whole period) but for the educational profession as a whole. We visited 
scores of schools, and sat through dozens of conferences; very seldom 
indeed did I feel the chill of evaporating idealism. This preface must serve 
as a belated thank-you to all my friends and acquaintances of that time. 
As before, I would like to acknowledge the good fortune of my post at 
the Institute of Child Health and The Hospitals for Sick Children, Great 
Ormond Street, and as well the financial support of the Nuffield 
Foundation whose faith established my department as a going concern 
over the last fifteen years, when government money was conspicuous by 
its absence. Also as before, I wish to thank my colleague Mr R.H. 
Whitehouse for again making the charts, correcting the proofs and 
pointing out much in the study of growth that I would otherwise be 
unaware of; my wife Dr B.A. Tanner for numerous discussions, not all 
officially about education; and Miss Janet Baines and Miss Sara Dunford 
for preparing the manuscript. 
London, August 1976 J. M. Tanner 


Preface to the First Edition 


This book is addressed to teachers, to lecturers in colleges, institutes and 
university departments of education, and to all those whose professional 
or personal interests make them concerned with our educational system. 
The aims and the contents ofthe book are outlined in the first few pages of 
Chapter 1. I have tried to present in a form suitable for teachers the salient 
facts concerning the physical growth of children, and those principles 
derived from them which seem to me to have a direct bearing on 
educational practice. Such, for example, is the notion of developmental 
or physiological age, derived from the greatly differing rates of physical 
maturing seen in children. Such, also, is the idea of the growth gradient, 
derived from the occurrence of set orders in which parts of the body, 
including the brain, approach maturity. 

We know lamentably little about the growth and development of the 
brain in children, but I have made a special effort to present what little 
information exists, for the importance of such knowledge to teachers 
needs no emphasis. Readers without some biology in their educational 
background may find this chapter difficult, but I hope not impossible, 
Boing; some parts are less technical than others, as judicious skipping will 
show. The most technical passages have been relegated to footnotes. 

I have discussed the occurrence of stages of growth and of critical 
periods of development, since they are subjects much written about by 
educationists and psychologists. The current trend toward greater size 
and earlier maturing has been also much discussed recently and I have 
Supplied the figures which form the basis of this discussion. Both environ- 
mental and genetical explanations for the earlier maturing have been put 
forward and I have given a full, though elementary, description of the 
effects on growth of various factors, such as nutrition, health, psychologi- 
cal influences, socio-economic class and family size, in discussing gener- 
ally the interaction of heredity and environment in controlling the 
growth process. 

"Throughout the book, and especially in the final chapter, I have 


indicated some of the consequences of the facts of physical growth and 
development for education; but teachers themselves are the persons best 
fitted to appreciate the full implications of these facts and viewpoints, and 
in doing so I hope they will find that this knowledge proves useful in their 
everyday practice. 

The book originated in a series of lectures given at the University of 
Leeds Institute of Education in June 1960. I am most grateful to all the 
members of the Institute for their hospitality, and I particularly wish to 
thank Dr K. Lovell, at whose suggestion the lectures were undertaken, 
Miss F.M. Stevens for working through the manuscript with her teacher- 
students, and all those who attended the course and provided after each 
lecture a prolonged barrage of thought and opinion. I am grateful also to 
Miss M. Brearley and her staff at the Froebel Education Institute, Mr S. 
Redman of the Oxford University Institute of Education, and my wife, 
Dr B.A. Tanner, for making most helpful observations on the manuscript. 
I wish to acknowledge most warmly all the support the Institute of Child 
Health has given me over the last few years, and particularly the help and 
encouragement of Professor A. Moncrieff, its Director. I wish also to 
thank my assistant, Mr R.H. Whitehouse, for making the charts, and 
many of the calculations upon which they are based, and my secretary, 
Miss Shirley Jarman, for preparing the manuscript and assembling the 
bibliography. 

Finally, I am very conscious that, despite the best efforts of my 
educationist friends, there may remain in these lectures mistakes of 
selection and misjudgements ol emphasis. I can only appeal to my readers 
to help me in removing gaps, ambiguities and inconsistencies by pointing 
them out to me. Should a second edition then be called for I might hope to 


make the book more useful to the teachers and instructors to whom it is 
particularly addressed. 


London, December 1960 J.M. Tanner 
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CHAPTER ONE 


Introduction and Synopsis 


The researches of the last fifty years into the physical growth and 
development of children have led us to a number of general principles 
governing growth and to a vast array of facts concerning it. It is the 
contention of this small book that these principles and certain ofthe more 
salient facts have implications for educational theory and practice. This is 
nota novel, and scarcely a disputatious, view; for a long time now we have 
been trying to relate education more to the nature of the child and lessto 
the convenience of the adult, or even the ultimate demands ofthe culture. 
The links between human biology, anthropology and education have 
always been close, and some of the great educators of the past have come 
into that field by way of medicine or anthropology. 

Experience in lecturing in departments and institutes of education has 
repeatedly shown me that the majority of teachers have a very lively 
interest in physical growth, and a strong feeling that behaviour and 
thinking cannot be considered properly in isolation from body and brain. 
Indeed many teachers and lecturers in Colleges of Education grasp 
eagerly at the facts and sometimes the false rumours of facts—concern- 
ing physical development, regarding them as relatively solid straws in the 
maelstrom of conflicting educational theory. 

Not all these facts, however solid, are relevant to education, and in this 
book I have tried to sort out and present just those facts and those general 
Principles arising from them that seem to me to have a direct bearing on 
educational practice and planning. Such, for example, are the notions of 
physical maturity or developmental age, as opposed to chronological age; 
of growth gradients ensuring the development of different parts of body or 

rain in a particular order irrespective of whether growth as a whole is 
accelerated or retarded; of critical periods of growth wherein events must 
take place or be skipped for ever. Such also are the facts of pubescent 
development, and of the trend ofchildren towards greater size and earlier 
physical maturing. 

Though this book does not set out to bea text of physical development, 
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certain areas, most notably the growth of the brain, call for something 
approaching textbook treatment, if only to emphasize what is known and 
what is not known about them. People working in one field of knowledge 
repeatedly believe that specialists in another must necessarily have 
mopped up those pockets of ignorance that are in principle assailable. 
The medical man is astounded to find a major work of Galen available 
only in the original Greek or in mediaeval Latin: the historian shrugs his 
shoulders; there is too much to do. Similarly the educationist and 
psychologist may be astonished to hear that we know next to nothing 
about brain growth after 2 years old. In principle no obstacle, at least to 
anatomical description, exists; a little money and a determination to 
organize and support research would remove this particular ignorance. 
But no body exists to support such work; our medical research organiza- 
tions tackle the problems of disease rather than those of healthy develop- 
ment, and our educational researchers have so far been too busy 
measuring the mind to consider describing the brain. The pace of our 
advance in understanding how a child grows is slower than it need be, but 
nevertheless we do advance and it is upon the advances of the last few 
years that the thoughts in this book rest. 

Chapter 2 presents a general description of growth from birth to 
maturity, with descriptions of the growth curves for height, other skeletal 
dimensions, weight, muscle and subcutaneous fat. The acceleration of 
growth that occurs at adolescence is discussed, together with the changes 
in physiological function which occur at the time. It is these changes 
which give rise to most of the characteristic differences between boysand 
girls in strength and endurance, as well as in the more direct aspects of 
reproduction. 

Different children experience these adolescent changes at very different 
ages, so that among a group of 14-year-old boys there will be some who 
have not yet started their adolescent spurt of growth and others who have 
practically completed it. This variability, which is almost entirely 
biological in origin, has important social and educational consequences. 
Though seen most clearly at adolescence, the variability occurs at all 
ages, some children being advanced and others retarded in physical 
maturity throughout the whole growing period. To get over this difficulty 
the concept of physiological maturity or developmental age has been 
developed and Chapter 3 is devoted to its description, measurement and 
implications. The question is raised, for example, as to whether physically 
advanced children are on average also mentally advanced in the sense of 
being better able to answer intelligence test items, and whether they have 
a better chance in school examinations than physically retarded children 
of the same chronological age. 

One of the chief methods of measuring developmental age is by the 
appearance of the bones of the hand or knee. This is because these bones 
pass through a series of stages of development, recognizable in X-ray 
photographs. These stages are reached in a particular order, which in 
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general remains unaltered even though the whole development is slowed 
down, for instance, by starvation. In other words, a gradient of growth exists 
controlling the order in which different parts develop. We see the same in 
the development of the limbs, where at any time after birth the hand and 
foot are nearer their adult size than are the forearm and calf. These 
gradients are discussed in Chapter 4. They are in principle important for 
education in that they also occur in the growth of the brain and thus 
condition the order in which abilities and various sorts of behaviour may 
be expected to emerge. In Chapter 4 also the occurrence of critical or 
sensitive periods of growth is discussed. It is known that in animals periods 
occur during which a particular stimulus from the environment will 
evoke a particular behaviour or ability in the animal. Once evoked, the 
ability may remain for life, but if not evoked during this limited period, 
the ability never appears. The importance of establishing whether such 
periods occur in the child, and if they do, of defining their exact nature 
and limits, is obvious. 

It is the occurrence of gradients and sensitive periods in the growth of 
the brain that is of paramount importance for educators, and so in 
Chapter 5 a description of our present knowledge of the brain's growth is 
given. The way in which this information may be related to stages of 
mental development as described, for example, by the school of Piaget, is 
still almost entirely speculative, but merits at least a preliminary discus- 
sion, and this also appears in Chapter 5. 

The resilience of children’s growth even under the worst circumstances 
is very great, though from a biological point of view not at all unexpected. 
For young animals to survive there must be inherited mechanisms of 
regulation to keep the animal following faithfully its trajectory of growth, 
and evolution has seen to it that such mechanisms exist. Thus growth is in 
general a very regular process, and subject to certain limitations it is 
possible to predict to a surprising degree an adult'ssize and shape from his 
size and shape as a child. This predictability of growth is discussed in 
Chapter 6, together with the whole interplay of hereditary and environ- 
mental forces acting together to control or upset the growth process. The 
effects of malnutrition and of illness, for example, are briefly outlined. 

Children at all ages are nowadays bigger than they were seventy or 
cven thirty years ago. This is partly because they are growing into bigger 
adults, but also because they are maturing faster; a child of 5 now is in all 
physical, and probably a good many psychological, respects equivalent to 
a child of 6 of thirty years ago. This secular trend in growth, as it is called, is 
one of the most striking findings of human biology in recent years, and has 
very far-reaching effects. It may well explain, for example, why, in the 
classical Scottish study of the IQs of 11-year-old children in 1932 and 
1947, the fall predicted on genetical grounds failed to occur. In fact, not 
constancy but a small rise due to the secular trend should have been 
expected, barring these genetical considerations. The secular trend and 
its results are discussed in Chapter 7. 
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Finally, in Chapter 8, the implications of the previous chapters for 
educational policy and practice are brought together and summed up. 
Chief amongst them is the demand for a social variabilty to match the 
biological variability of growth rates. Individual differences in matura- 
tion, both in speed and manner, cannot be eliminated or even much 
altered; they can only be met by an educational system of great flexibility, 
a system based on a network rather than a production line. 


CHAPTER TWO 


The Course of Children’s Growth 


The growth curve of height 

In Fig. 1 is shown the growth curve in height of a single boy, measured 
every six months from birth to 18 years. Above is plotted the height 
attained at successive ages; below, the increments in height from one age 
to the next. If we think of growth asa form of motion, and the passage ofa 
child along his growth curve as similar to the passage ofa train between 
stations, then the upper curve is one of distance achieved, and the lower 
curve one of velocity. The velocity, or rate of growth, naturally reflects 
the child’s situation at any given time better than does the distance 
attained, which depends largely on how much the child has grown in all 
the preceding years. Accordingly it is usually more important to concen- 
trate on the velocity rather than on the distance curve. In some circum- 
stances the acceleration may reflect physiological events even better than 
the velocity; thus at adolescence it seems likely that the great increase in 
secretions from the endocrine glands is manifested most clearly in an 
acceleration of growth. In general, however, nothing more complex than 
velocity curves will be considered here. 

The record in Fig. 1 is the oldest published study of the growth ofa 
child; it was made during the years 1759 to 1777 by Count Philibert 
Guéneau de Montbeillard upon his son, and published by Buffon in a 
supplement to the Histoire Naturelle. It shows as well as any more modern 
data that in general the velocity of growth in height decreases from birth 
(and actually from about the fourth intrauterine month) onwards, but 
that this decrease is interrupted shortly before the end of the growth 
period. At this time, from 13 to 15 in this particular boy, there isa marked 
acceleration of growth, called the adolescent growth spurt. From birth up to 
age 4 or 5 the rate of growth declines rapidly, but the decline, or 
deceleration, gets gradually less, so that in some children the velocity is 
practically constant from 5 or 6 up to the beginning of the adolescent 
spurt. 


1 A slight increase in velocity of height growth from about 6 to 8 years, providing a second 
wave on the general velocity curve, has sometimes been thought to occur and has been 
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As the points of Fig. 1 show, growth is an exceedingly regular process. 
Contrary to opinions still sometimes met, it does not proceed in fits and 
starts. The more carefully the measurements are taken, with, for example, 
precautions to minimize the decrease in height that occurs during the 
working day for postural reasons, the more regular does the succession of 
points on the graph become. In a series of children each measured for 
seven years or more by the same measurer, my colleagues and I have 
found that at least over the age range 3 to 10 the deviations of the actual 
points from a very simple mathematical curve 


Height =a +bt +clogt (wheretis age) 


were seldom more than 6 mm, or . in., and were on average equally 
above and below the curve at all ages (see Fig. 2). There is no evidence for 
‘stages’ in height growth except for the spurt associated with adolescence. 
Perhaps the increments of growth at the cellular level are discontinuous, 
and proceed by starts and stops; but at the level of bodily measurements, 
even of single bones measured by X-rays, one can only discern complete 
continuity, with a velocity that gradually varies from one age to another. 

The adolescent spurt is a constant phenomenon, and occurs in all 
children, though it varies in intensity and duration from one child to 
another. In boys it takes place, on the average, from 12%, to 15%, and in 
girls about two years earlier, from 10% to approximately 13½. The peak 
height velocity reached averages about 9 cm (3½ inches) per year in boys 
and a little less in girls; this is the rate at which the child was growing at 


called the juvenile or mid-growth spurt. I can fi 
the individual records covering the period 3 to 13 that are known to me. 

Some teachers have acquired the quite erroneous notion that growth occurs in a series of 
alternating periods of "stretching up' (increased velocity in height) and ‘filling out’ 
(increased velocity in breadth). The idea seems to have originated in 1896 in a paper by 
Winfield Hall, an American school doctor, who measured, very carefully, some 2,400 boys 
aged 9 to 23. The study was cross-sectional, with between 100 and 300 each yearly age 
group. Medians were calculated but no standard deviations. The 13-year-old value for 
height was rather higher than might have been expected. Though to the modern eye its 
deviation is well within the limits of sampling error, Hall took it at face value and thus 
obtained a large 12-13 increment, small 13-14 increment and large 14-15 increment, this 
last being the adolescent spurt proper. In circumferences of the joints this did not occur, the 
curves being fairly regular. Hence, when the values were expressed as percentages of the 9- 
year-old value, the distance curves for height and for circumferences crossed at 12-13, 13-14 
and 14-15. Hall thereupon formulated (in italics) a Law of Growth: ‘When the vertical 
dimension of the human body is undergoing an acceleration in its rate of growth the 
horizontal dimensions undergo a retardation and vice versa’. The idea was taken up and 
generalized to the whole period of growth by the German anthropologist C. H. Stratz, who 
in many articles wrote of a first Streckung at 5 to 7 and a secondat 8 to 10. The data on which 
these opinions were based were quite insufficient to Support them, but somehow they got 
into textbooks, where in some instances they have remained safely cocooned till the present 
day, despite the severest attempts to dislodge them by people such as Schiotz (1923) whose 
measurements of children were adequate in number, taken longitudinally (see below), and 
interpreted with statistical sense. 


nd no satisfactory evidence of its presence in 
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Fig. 1. Growth in height of de Montbeillard’s son from birth to 18 years, 1759-77. Above, 
distance curve, height attained at each age; below, velocity curve, increments in height from 
year to year. Data from Scammon, 1927, Amer. J. phys. Anthrop. (From Tanner, Growth at 


Adolescence, Blackwell: Oxford.) 
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R.H. Whitehouse every six months 
Study. (From Israelsohn, 1960.) 


ature measurements taken on a girl by 
from age 3½ to 10. Data from Harpenden Growt 


about 2 years old. The sex difference can be seen in Fig. 3, which shows 
the velocity curves for a group of boys who have their peak between 14 
and 15 and for a group of girls with their peak between 12 and 13. The 
earlier occurrence of the spurt in girls is the reason why girls are bigger 

to 13 years. Boys are larger than girls by only l- 


and pass the girls when their greater and pr 


finish some 10 per cent 
nce in size between men 
of the difference in timing and 
magnitude of the adolescent spurt. 
Types of growth data : wed 

In Fig. 1 the measurements ofa single individual child were plotted and 
not averages derived from different children each measured at a different 
age. The distinction is important, for the two approaches do not give the 
same curve. The method of study using the same child at each age is called 
longitudinal; that using different children at each age, cross-sectional. In a 
cross-sectional study each child is measured once only, and all the 
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Fig. 3. Adolescent spurt in height growth for girls and boys. The curves are from subjects 
who have their peak velocities during the modal years 12-13 for girls, and 14-15 for boys. 
Actual mean increments, each plotted at centre of its half-year period. Data from 
Shuttleworth, 1939, Tables 23 and 32. (From Tanner, Growth at Adolescence, Blackwell: 
Oxford.) 


children at age 8, for example, are different from all those at age 7. In a 
longitudinal study, on the other hand, each child is measured at each age 
and all the children at age 8 are the same as those at age 7. A study may be 
longitudinal over any number of years from two upwards. In practice it is 
always impossible to measure exactly the same group of children every 
year for a prolonged period; inevitably some children leave the study and 
others, if that is desired, join it. A study in which this happens is called a 
mixed longitudinal study, and special statistical techniques are needed to get 
the most out of its data. 

Both cross-sectional and longitudinal studies have their uses, but they 
do not give the same information and cannot be dealt with in the same 
way. Cross-sectional surveys, like the one the London County Council 
used to carry out every five years on the children in its schools (see 
Scott, 1961), are obviously cheaper and more quickly done, and can 
include far larger numbers of children. They tell us much of what we want 
to know about the distance curve of growth. Thus they are the appropri- 
ate method for constructing standards for height and weight attained by 
healthy children at each age, for use in schools and clinics (e.g. the 
Tanner-Whitehouse 1959 standards for British children). Such periodic 
surveys are very valuable, particularly in following the secular trend (see 
Chapter 7) and the health of the child population as a whole. Indeed it 
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seems to me that one of the duties of a Department of Health in any 
country should be to organize periodic comprehensive surveys, using 
proper sampling techniques, of the heights, weights and one or two 
further dimensions of the children of the country concerned. Particularly 
is this so in countries like Great Britain where the infant mortality rate has 
been so lowered that it serves less as an index of the public health than it 
used to and where in fact great secular trend changes are known to be 
occurring. Cuba, New Zealand, Holland and the United States, among 
others, have shown the way in this, but the United Kingdom has so far 
been dependent upon individual efforts by School Medical Officers in its 
various areas. It is one of the curiosities of our medical system that a study 
of the public health can be so neglected in favour of studies of public 
disease. 

Cross-sectional studies have one great drawback which practically 
limits their usefulness to the public health application described above. 
They can never reveal individual differences in rate of growth or in the 
timing of particular phases such as adolescense. It is precisely these 
individual differences with which we are concerned and which throw 
light on the educational achievement, psychological development and 
social behaviour of children. Longitudinal studies are laborious and time- 
consuming; they demand great perseverance and patience on the part of 
those who make them and those who take part in them; and they demand 
very high technical standards, since in the calculation of a growth rate 
from one age to another two errors of measurement occur, one at each of 
the ages. Nevertheless most of our knowledge of child growth comes from 
the few longitudinal studies that have been carried through. In this field 
at least the school teacher with ambitions to contribute to knowledge of 
growth is better placed than most of his medical colleagues; for he has a 
group of children who will mostly stay with him over a considerable 
period of years. 

Cross-sectional data can in some important respects be very mislead- 
ing. Fig. 4 illustrates the effect on ‘average’ figures produced by the 
individual differences in the age at which the adolescent spurt starts, Fig. 
4A (left half of Fig. 4) shows a series of individual velocity curves from 6 to 
18 years, each individual Starting his spurt at a different time. The 
average of these curves, obtained simply by treating the values cross- 
sectionally and adding them up atages 6, 7, 8, etc., and dividing by five, is 
shown by the heavy interrupted line. It is obvious that the line in no way 
characterizes the ‘average’ velocity curve; on the contrary, it is a 
complete travesty of it. It smooths out the adolescent spurt, spreading it 
along the time axis. Averages at each age computed from cross-sectional 
studies inevitably do this and resemble the interrupted line; they fail to 
make clear the speed and intensity of the individual spurt. In Fig. 4B (on 
the right) the same curves have been arranged so that their points of 
maximum velocity coincide; here the average curve characterizes the 

group quite nicely. In passing from 4A to 4B the time-scale has been 
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Fig 4. Relation between individual and mean velocities during the adolescent spurt. In Fig. 
4A, left, the height curves are plotted against chronological age; in Fig. 4B, right, they are 
plotted according to their time of maximum velocity. After Shuttleworth, 1937. (From 
Tanner, Growth at Adolescence, Blackwell: Oxford.) 


altered, in fact, so that in 4B the curves are plotted not against chronologi- 
cal age, but against a measure which arranges the children according to 
how far they have travelled along their course of development, in other 
words, according to their true developmental or physiological status. We 
shall return to consider this point at length in Chapter 3. 


Growth curves of different tissues and different parts of the body 

Most measurements of the body show a growth curve generally similar 
to the curve of height given in Fig. 1. The great majority of skeletal and 
muscular dimensions, whether of length or breadth, grow in this manner. 
But some exceptions exist, most notably the brain and skull, the reproduc- 
uve organs, the lymphoid tissue of the tonsils, adenoids and intestines, 
and the subcutaneous fat. Fig. 5 shows these differences in diagram form, 
using size attained, or distance curves. Height follows the ‘general’ curve. 
The reproductive organs, internal and external, follow a curve which is 
not, perhaps, very different in principle, but strikingly so in effect. Their 
Prepubescent growth is very slow, and their growth at adolescence very 
rapid; they are less sensitive than the skeleton to one set of hormones and 
more sensitive to another. 

The brain and skull, together with the eyes and ears, develop earlier 
than any other part of the body and have thus a characteristic postnatal 
curve. Brain growth and development is discussed in detail in Chapter 5; 
suffice it here to say that by | year old the brain has attained about 60 per 
Cent of its adult weight, and by 5 years about 90 per cent. Probably it has 
no adolescent spurt, although a slight spurt does occur in the measure- 
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ments of head length and breadth due to thickening of the skull bones. 
The face, unlike the portion of the skull encasing the brain, follows a path 
closer to the general skeletal curve, with a considerable adolescent spurt 
in most measurements. The jawbone, for example, has only completed 75 
per cent of its growth in length before adolescence in boys. 


‘TION AND PHYSICAL GROWTH 


200% 
= 
= 130 
= 
eo 
[3 
© lso 
2 
< 
E 
< 
= 140 
= 
2 
D 
* 
120 
e 
5 
100% 
1 
o 
Z. 80 
a 
e 
a 
a 
W 60 
= 
& 40 
z 
= 
E 
= 20 
w 
n 
u 
0 


Measurement of Man, 
Oxford.) 

Lymphoid type: thymus, lymph nodes, intestinal lymph masses. 

Brain and head type: brain and its parts, dura, spinal cord, optic apparatus, head dimensions. 
General type: body as a whole, external dimensions (except head), respiratory and digestive 
organs, kidneys, aortic and pulmonary trunks, musculature, blood volume. 

Reproductive type: testis, ovary, epididymis, prostate, seminal vesicles, 


Fallopian tubes. 
The eye seems probably to have a slight adolescent acceleration in 
growth, though no data are accurate enough to make the matter certain. 
Very likely it is this that is responsible for the increase in frequency of 
short-sightedness in children at the time of puberty. Though the degree of 
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myopia increases continuously from at least age 6 to maturity, a particu- 
larly rapid rate of change occurs at about 11 to 12 in girls and 13 to 14 in 
boys, and this would be expected if there was a rather greater spurt in the 
axial dimension of the eye than in its vertical dimension. 

_ The lymphoid tissue has quite a different curve from the rest: it reaches 
its maximum value by the beginning of adolescence and thereafter 
actually decreases in amount, largely under the influence of the sex 
hormones. Accordingly, children with troublesomely large, but otherwise 
normal, tonsils and adenoids may generally be expected to lose their 
snuffles when adolescence starts. 

) The subcutaneous fat undergoes a slightly more complicated evolu- 
tion. Its thickness can be measured either by X-rays, or more simply at 
certain sites by picking up a fold of skin and fat between the thumb and 
forefinger and measuring the thickness of the fold with a special, constant- 
pressure, caliper. In Fig. 6 the distance curves for two measurements of 
subcutaneous fat are shown, one taken at the back of the upper arm 
(triceps), the other at the back of the chest, just below the bottom of the 
shoulder blade (subscapular). The thickness of subcutaneous fat increases 
from birth to reach a peak at nine months or a year, and thereafter 
decreases, rapidly at first and then more slowly, until about 6 to 8 years, 
depending on the individual child. At that time the width of fat begins to 
increase again. In the trunk fat (subscapular measurement) this increase 
continues up to maturity in both boys and girls. The limb fat (triceps 
measurement) follows this same pattern in girls, but in boys it thins out at 
the time of the adolescent spurt in height. 

The curves for muscle and bone widths follow the general height curve. 
Because weight represents a mixture of these various components of the 
body its curve of growth is somewhat different from those discussed above, 
and often less informative. Though to some extent useful in following the 
health of a child, weight has severe limitations; an increase may be due to 
bone or muscle or merely to fat. A boy may cease growth in height and 
muscle and put on fat instead (as happens in certain clinical circum- 
stances when large doses of cortisone are given) and his weight curve may 
Continue to look perfectly normal. Even failure to gain weight or actual 
loss of weight in an older child may signify little except a better attention 
to diet and exercise, whereas failure to gain height or muscle would call 
for immediate investigation. For these reasons regular measurements of 
height and weight in the schools should be supplemented by measure- 
ments of subcutaneous fat by skinfolds, and muscular dimensions by 
circumference of upper arm and calf corrected for the covering subcu- 
taneous fat. 


Growth and development at adolescence , P z 
Practically all skeletal and muscular dimensions take part in the 


adolescent spurt. There is a fairly regular order in which the dimensions 
accelerate; leg length asa rule reaches its peak first, followed a few months 
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Fig. 6. Distance curve of subcutaneous tissue measured by Harpenden skinfold calipers over 
triceps (back of upper arm) and under scapula (shoulder blade). Scale is millimetres on the 
left and logarithmic transform units on the right-hand side. British children, fiftieth centiles. 
(From Tanner and Whitehouse, 1975, Archives of Disease in Childhood.) 


later by the body breadths and a year later by trunk length. Most of the 
spurt in height is due to trunk growth rather than growth of the legs. The 
muscles appear to have their spurt a little after the last skeletal peak. 
At adolescence a marked increase in athletic ability occurs, particu- 
larly in boys. The heart, just like any other muscle, grows more rapidly, as 
can be seen from Fig. 7. The strength of the muscles also increases sharply, 
especially in boys. The results of two strength tests given to a group of girls 
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Fig. 7. Velocity curves of transverse diameter of the heart, measured by X-ray, for 71 boys. 
Mixed longitudinal data, reported cross-sectionally. Height curves of same boys given 
above for comparison. Data from Maresh, 1948. (From Tanner, Growth at Adolescence, 
Blackwell: Oxford.) 


and boys every six months throughout adolescence are plotted (as 
distance curves) in Fig. 8. Arm pull refers to the movement of pulling 
apart clasped hands held up in front of the chest, the hands each grasping 
a dynamometer handle; arm thrust refers to the reverse movement, of 
Pushing the hands together. Each individual test represents the best of 
three trials made in competition against a classmate of similar ability, and 
against the individual's own figure of six months before. Only with such 
Precautions can reliable maximal values be obtained. There isa consider- 
able adolescent spurt visible in all four of the boys’ curves from about age 
13 to 16 (the curves turn more sharply upwards), and a less definite spurt 
from about 12 to 13½ in the girls’ hand-grip curves. There is no sex 
difference before puberty in strength of arm thrust and little in arm pull 
(the same is true of calf and thigh muscle strengths). The boys’ later 
Superiority arises partly from their greater adolescent growth in muscular 
bulk, and perhaps partly because the male sex hormone secreted then for 
the first time may act on muscle to produce more strength per cross- 
Sectional area. 

In hand-grip a more considerable sex difference appears to be present 
as early as age 11. This is a reflection of the greater development, even 
before puberty, of the male forearm. It is often forgotten that a number of 
Sex differences, besides those of the reproductive organs, antedate 
Puberty, and are not the result of the endocrine gland secretions of 
adolescence. At birth boys have longer and thicker forearms, relative to 
upper arms, legs and other parts of the body, and the sex difference 
creases steadily throughout the whole growing period. (This is not 
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Fig. 8. Strength of hand grip, arm pull and arm thrust fromage 11 to 17. Mixed longitudinal 
data, 65-93 boys and 66-93 girls in each age group. Data from Jones, 1949, Tables 15-22. 
(From Tanner, Growth at Adolescence, Blackwell: Oxford.) : 
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peculiar to man, but occurs in several species of apes and monkeys as 
well.) Another difference which is already present at birth is the greater 
length of the second finger in comparison to the fourth in girls. Whether 
any similar sex differences occur in the brain is not known, but the 
possibility of them clearly exists (see also Chapters 4 and 5). 

8 Not only the muscles increase in size and strength at adolescence; the 
vital capacity of the lungs, that is, the amount of air they will hold on 
maximum inspiration less the amount retained after maximal expiration, 
also shows a pronounced increase in boys. The number of red blood cells, 
and hence the amount of haemoglobin in the blood, also rises sharply in 
boys but not in girls, as shown in Fig. 9. Thus the amount ofoxygen which 
can be carried from the lungs to the tissues increases. 

It is as a direct result of these anatomical and physiological changes 
that athletic ability increases so much in boys at adolescence. The 
popular notion of a boy ‘outgrowing his strength’ at this time has little 
Scientific support. It is true that the peak velocity of strength increase 
occurs six months or a year after the peak velocity of most of the skeletal 
measurements, so that a short period exists when the adolescent, having 
completed his skeletal, and probably also muscular, growth, still does not 
have the strength of a young adult of the same body size and shape. But 
this is a temporary phase; considered absolutely, power, athletic skill and 
physical endurance all increase progressively and rapidly throughout 
adolescence. It is certainly not true that the changes accompanying 
adolescence even temporarily enfeeble, through any mechanism excepta 
Psychological one. 

Though the main change at puberty is in body size, there is also a 
considerable change in body shape. The shape change differs in the two 
sexes, so that boys acquire the wide shoulders and muscular neck of the 
man, and girls the relatively wide hips of the woman. Before puberty it is 
usually impossible to distinguish whether a particular child isa boy or girl 
from the body proportions or from amounts of bone, muscle and fat alone 
(despite the few small but perhaps important differences mentioned 
above). After puberty it is easy to do so in the great majority of cases. 


Endocrinology of growth 

Thus at adolescence there is a grea t x 
and strength and a change in many physiological functions beside the 
reproductive ones. These changes all take place in a co-ordinated manner 
and a child who is early in respect of one feature is early in respect of all. 

he changes are mostly more marked in boys than in girls, and take place 
approximately two years later in boys than in girls. n 

The immediate cause of all these changes is the secretion into the blood 
Stream (and hence the contact with all tissues) of hormones from the 
Ovaries, testes and adrenal glands. However, ovaries, testes and the 
Particular part of the adrenal which secretes androgenic (i.e. male- 
determining) hormones have first to be stimulated to grow and function 


t and sudden increase in body size 
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Fig. 9. Change in blood haemoglobin and number of circulating red blood cells during 
childhood, showing the development of the sex-difference at adolescence. Distance curves. 
Mixed longitudinal data repor: 


à rted cross-sectionally. Redrawn from Mugrage and Andresen, 
1936, 1938, Amer. J. Dis. Child. (From Tanner, Growth at Adolescence, Blackwell: Oxford.) 


g ovaries and testes are 
esignates both testis and 
testosterone, the male sex 


y is stimulated it produces oestrogens, female 


sex hormones, of which the chief is oestradiol, 
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The pituitary itself, however, awaits the receipt of a chemical stimulus 
before manufacturing and releasing gonadotrophins and this stimulus 
comes from a particular small area in the basal part of the brain known as 
the hypothalamus. This part ofthe brain lies only just above the pituitary, 
and its releasing hormones, as they are called, are secreted from the tips of 
nerve fibres and pass to the pituitary by way of a special local arrange- 
ment of blood vessels. 

The control of the system is a classical example ofa simple feed-back. 
The level of hormone in the blood is like the level of water in the domestic 
water-tank; when the water reaches a certain mark, the float operates a 
Switch which turns off the pump bringing water to the tank. The feed- 
back circuit is already operative before puberty. Taking the girls as an 
example, there is a low level of oestrogen in the blood in childhood, 
secreted by the ovaries. This level is sufficient to turn off the secretion of 
gonadotrophin-releasing hormone by the hypothalamus. Ifthe level falls, 
then releasing hormone is secreted, gonadotrophins produced, oestrogen 
secretion stimulated and oestrogen blood levels restored. The circuit 
remains stable in this way till puberty. Then something happens to turn 
down the sensitivity of the cells in the hypothalamus which sense the 
oestrogen level. The oestrogen level fails to turn offreleaser, releaser rises, 
gonadotrophin rises, oestrogen rises. Eventually, ata much higher level of 
oestrogen—a level sufficient to stimulate growth of the breasts and the 
uterus—the circuit is re-established. In the male the same takes place, 
with testosterone in place of oestrogen. Just what it is that turns down the 
Sensitivity of the brain cells and thus initiates the whole change, we do not 
know. It seems probably to be nerve impulses coming from other parts of 
the brain. Normally this occurs at the end ofa long chain of maturational 
events. Starvation retards puberty, which simply waits for the body to 
reach its usual pre-pubertal size, irrespective of the passage of time. 
Maturation of the hypothalamus occurs at a certain moment in the 
Sequence of events, and not, fundamentally, at a certain chronological 
age. We shall return to this very important point again in the next two 
chapters, j . 

Sometimes the mechanism goes wrong. There is a hereditary disorder, 
manifested only in boys, in which a precocious puberty occurs any time 
from 4 years onwards. When this happens all the events of puberty take 
place normally, including the production of sperm. In girls a similar, 
though not hereditary, condition occurs occasionally, and the youngest 
known mother, who had a child by Caesarian section at age 5, was an 
example of this. In these cases no other untoward effects take place; the 
Children otherwise are quite healthy. In certain progressive diseases ofthe 

rain, however, the hypothalamus may be disturbed and precocious 
Puberty may also occur then. 

The factors controlling grow’ 
understood, but it is clear that anot 
tormone is essential for normal growth to occur. 


th before adolescence are imperfectly 
her pituitary hormone called growth 
Children who have a 
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deficiency of growth hormone are normal-sized at birth, but grow very 
slowly thereafter and by two years old have usually fallen below the 
normal levels for length or height. If untreated they end up as very small 
adults, of normal proportions and facial appearance, sometimes called 
miniatures. One of the great recent advances in paediatrics has been the 
successful treatment of this disorder by means of growth hormone 
obtained from corpses at autopsy (for animal growth hormone is without 
effect in man, and the molecule is too large to be synthetized). Treatment 
has to be continued throughout childhood and adolescence; provided the 
child is diagnosed and treated early, normal stature is nearly always 
achieved (Tanner, 1975). The early diagnosis of this disorder is one of 
several reasons for screening the height of children at entry to primary 
school; measurement of weight by itself is insufficient since the children 
are fat as well as short. 

Several other hormones, notably that secreted by the thyroid gland, 
have to be maintained within normal limits for growth to occur normally; 
but they do not act directly to regulate growth rate. Presumably because 
of the different hormonal control, there is a considerable degree of 
independence between growth before, and growth at, adolescence. 


Development of the reproductive system 

The adolescent spurt in skeletal and muscular dimensions is closely 
related to the great development of the reproductive system which takes 
place at that time. The sequence of events for the average boy and girl is 
shown diagrammatically in Fig. 10. This sequence is not exactly the same 


for every boy and girl, but it varies much less than the time at which the 
events occur, 
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Fig. 10. Diagram of sequence of events at puberty in boys and girls. Average children are 

p Presented: the range of ages within which each event charted may begin and end is given 

Gone figures placed below its start and finish. (From Marshall, W.A., and Tanner, J.M. 
70), Archives of Disease in Childhood.) 


temporary, and soon disappears; only a minority need medical treat- 
ent. 

In clinical work some designation of how far a child has progressed 
through puberty is often required, and rating scales have been developed 
for Successive steps of growth of the penis and scrotum in boys, breasts in 
Sirls, and pubic hair in both sexes. The scales in each instance range from 

(prepubescent) to 5 (adult). The numerals in Fig. 10 each refer to the 
ust appearance of the stage in question. Details and illustrations of the 
Stages will be found in Marshall and Tanner (1969, 1970). Genitalia and 
Pubic hair do not necessarily develop in parallel; indeed, some 15 percent 


32 EDUCATION AND PHYSICAL GROWTH 


of boys in the Harpenden Growth Study reached stage 4 of genitalia (G4) 
without pubic hair having yet appeared. The Converse sequence, how- 
ever, is exceedingly rare. There are large individual differences in the 
rapidity with which a given sequence, once begun, progresses to matu- 
rity. For example, on average boys take about a year to go from G2 to G3 
and about three years to go from G2 to G5. But some boys take only two 
years to go from G all the way to G5. Thus out of a collection of boys all 
starting equal at G2 a few reach G5 before others even reach G3. This 
variation in speed of development is additional to the variation in age of 
puberty as a whole, and for the most part independent of it. 

In girls the beginning of growth of the breast is usually the first sign of 
puberty, though the appearance of pubic hair precedes it in about 30 per 
cent of girls. The two series of events show considerable independence: 
thus girls in breast stage 3 show all stages of pubic hair development, 25 
per cent not having any at all and 10 per cent having reached adult status. 
Menarche, the first menstrual period, is a landmark much used by 
students of growth and almost invariably occurs after the peak of the 
height spurt is passed. It occurs currently in Great Britain at an average 
age of 13.1 years, with a normal range of 10 to 16. Most girlsat menarche 
are in stage 4 of breast and pubic hair, but some are in breast stage 3anda 
very small percentage actually menstruate before the breast begins to 
grow at all. Though the occurrence of menarche marks a definitive and 
probably mature stage of uterine growth, it does not usually signify the 
attainment of full reproductive function. A period of infertility ofa year or 
eighteen months follows in most, though not all, cases; and maximum 
fertility is probably not reached till the early or middle twenties. 


There is an important difference between girls and boys in the relative 
positions of the height spurt in the whole sequence of development at 
puberty. It has only quite recently been realized, as a result of detailed 
longitudinal studies on relatively large numbers of children, that girls 
have their height spurt relatively, as well as absolutely, carlier than boys. 
The difference between the ages of peak height velocity in girls and boys is 
just two years, but the difference in the first appearance of pubic hair is 
about nine months. The first appearance of breasts precedes the first 
change in testis size by even less. Thus the adolescent growth spurt in girls 
is placed earlier in the sequence than in boys. Indeed in some girls peak 
height velocity is reached soon after breast stage 2 and occasionally even 
before it. Thus for girls the first event of puberty is often an increase of 
growth velocity, seldom noticed. In boys, on the other hand, the peak 
height velocity practically never occurs before stage 4 in genitalia growth 
is reached and it is never the first sign of puberty. This has practical 
importance, for boys who are late maturers can be reassured that their 
height spurt is yet to come if genital development is not far advanced; on 
the contrary, girls who worry about being too tall can be reassured their 
height spurt is nearly over if menarche has occurred. On average girls 
grow about 6 cm (roughly 2 in.) after menarche, although gains up to 
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twice this amount may occur. The post-menarcheal gain is practically 
independent of whether menarche itself occurs early or late. 

As in boys, some girls pass rapidly through all stages of breast or pubic 
hair development while others dawdle. On average the time taken from 
first appearance of breast bud to reach stage 3 is one year and to reach the 
adult stage is four years. Girls in rapid transit, however, take only 1/4 
years to pass through all the stages while dawdlers take as much as five 
years or even more. RAI 

In Fig. 10 the average age of occurrence of each event is given by the 
scale of age at the bottom on the diagram (e.g. menarche a little after 
thirteen years). The range of ages within which some of the events may 
normally occur is given by the figures placed directly below the event (e.g. 
for menarche 10- 16⁄4). A glance will suffice to show how very large these 
ranges are. One boy, for example, may complete his penis growth at 13½, 
while another has not even started at 14%. An early maturing boy may 
have finished his entire adolescence before a late-maturing boy of the 
same chronological age has even begun his first enlargement ofthe testes. 
This ineluctable fact of biology raises difficult social and educational 
problems, and is itself a contributory factor to the psychological malad- 
Justments often seen in adolescents. 


CHAPTER THREE 


Developmental Age and the Relation between 
Physiological and Mental Maturity 


Children vary greatly in the age at which they reach adolescence. From a 
file of photographs of normally developing boys aged exactly 14 it is easy 
to select three examples which illustrate this. One boy is small, with 
childish muscles, and no development of reproductive organs or body 
hair; he could easily be mistaken for a 12-year-old. Another is practically 
a grown man, with broad shoulders, strong muscles, adult genitalia, and a 
bass voice; he could be mistaken for a 17-year-old. The third boy is in a 
stage intermediate between these two. It is manifestly ridiculous to 
consider all three as equally grown up either physically, or, since much 
behaviour is conditioned at this age by physical status, in their social 
relations. The three are simply not the same age; if we use that word in any 
but its literal meaning of the number of days elapsed since birth. The 
statement that a boy is 14 is in most contexts hopelessly vague; all 
depends, morphologically, physiologically and sociologically, on whether 
he is pre-adolescent, mid-adolescent or post-adolescent. 

Evidently some designation of physical maturity other than chronolog- 
ical age is needed, and in this instance the obvious one would be the 
degree of development of the reproductive system. But the same differ- 
ences in tempo of growth occur at all ages, though less spectacularly than at 
adolescence. We have already seen that the average girl has a faster 
tempo, that is, matures earlier, than the average boy; and this difference 


into fetal life. The same is true 
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tion of body measurements. Finding the proper combination, however, is 
a mathematically complex and difficult proposition, and at present thisis 
a research area only. It is an urgent research area in that shape age might 
have some advantages over skeletal and dental age. Half a dozen body 
measurements are easy enough to take in school: shape age would be even 
Simpler to assess than skeletal age, and it might be more relevant to 
pee status than the type of maturity measured by dental age (see 
elow). 


Skeletal age 

By far the most commonly used indicator of physiological maturity is 
skeletal age, that is, the degree of development ofthe skeleton as shown by 
X-rays. Each bone begins as a primary centre of ossification and passes 
through various stages of enlargement and shaping of the ossified area. In 
Some cases it acquires one or more epiphyses, that is, other centres where 
ossification begins independently of the main centre, and it finally reaches 
adult form when these epiphyses fuse with the main body of the bone. All 
these changes can be easily seen in an X-ray, which distinguishes the 
Ossified area, whose calcium content renders it opaque to the X-rays, from 
the areas of cartilage where ossification has not yet begun. The sequence 
of stages through which the various bone centres and epiphyses pass is 
Constant from one person to another and skeletal maturity, or bone age as it 
1s often called, is judged from the number of centres present and the stage 
of development of each. 

In theory any or all parts of the ske 
assessment of bone age, but in practice t 3 
Convenient area and the one generally used. The hand is easily X-rayed 
without any radiation being delivered to other parts of the body, it 
requires only a minute dose of X-rays, and it demands only the minimum 
of X-ray equipment, such as a dental or a portable machine. Also it is an 
area where there is a large number of bones and epiphyses developing. 
The left hand is used, placed flat on an X-ray film with the palm down 
and the tube placed 30 inches above the knuckle of the middle finger. 

The figure for skeletal age is derived by comparing the given X-ray 
With a set of standards (Greulich and Pyle, 1959; Tanner, Whitehouse, 
Marshall, Healy and Goldstein, 1975). There are two ways in which this 
may be done. In the older ‘atlas’ method the given X-ray is matched 
Successively with standards representing age 5, age 6 and so on and the 
age standard with which it most nearly coincides is recorded. The more 
recently developed method is to establish a series of standard stages 
through which each bone passes and to match each bone of the given X- 
Tay with these stages. Each bone is thus given a score, say, 1 to 8, 
Corresponding to the stage reached and the whole X-ray scores a total of 
59 many maturity points, say, 60. This score is then compared with the 
Tange of scores of the standard group at the same age and the percentage 
9f normal children with lower scores at that age is read off. Ifa particular 


leton could be used to give an 
he hand and wrist is the most 
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child's score was such that, say, 80 per cent of normal children of his age 
had lower scores than he, he would be said to be at the 80th centile for 
skeletal maturity. A skeletal age may also be assigned, this being simply 
the age at which the given score 60 lies at the 50th centile. 

Readers with experience of mental testing will recognize at once the 
similarity between each of these methods and methods for assigning 
mental age or IQ. By the nature of the standards the child who (with 
enormous improbability) maintained his skeletal development exactly 
equal to that of the average child of the standarizing group at every age 
would travel up the line A in Fig. 11, with his chronological and skeletal 
ages always the same. Line B represents a child who at birth is advanced 
in maturity but whose rate of maturation is a little less than average; he 
thus gradually falls from above to below the diagonal line. C represents a 
child consistently retarded in skeletal maturity, with about the same 


centile status of skeletal age throughout his growth (approximately the 
3rd centile).! 


Dental age 


Dental age can be obtained by counting the number of teeth erupted, 
and relating this to standard figures, in much the same way as skeletal 
age. The deciduous dentition erupts from about 6 months to 2 years and 
can be used as a measure of physiological maturity during this period. 
The permanent or second dentition provides a measure from about 6 to 
13 years. From 2 to 6 and from 13 onwards little information is obtainable 
from the teeth by simple counting, but recently new measures of dental 
maturity have been suggested which use the stages of calcification of teeth 


as seen in jaw X-rays in just the same way as the skeletal age uses the stages 
of wrist ossification. 


Relations between different measures of maturity 


Skeletal maturity is quite closely related to the age at which certain 
events of puberty occur. Thus the range of chronological age within 
which menarche may normally fall is about 10 to 16 years, but the range 
of skeletal age for menarche is only 12 to 14. Evidently the physiological 
processes controlling progression of skeletal development are intimately 
linked to those which initiate menarche. The same is not true, however, of 
initiation of breast growth in girls or genital growth in boys. In the normal 

The figure illustrates a difficulty in the skeletal age 
simple centiles for skeletal maturity. The spread of the dis 
with chronological age, so that a retardation of a year at 
normal limits—means something quite different from a 
where it would be grossly abnormal. The same problem 
reason. The ratio skeletal age/chronological age, 
constant in child A, dropping slowly at first and progressively faster in B, and dropping at a 
steady rate in C. The centile status of C, however, would be constant. The difficulty is 
sometimes overcome for IQs by reporting them as ‘deviation 1Qs’. For these the centile 
status of the child is first ascertained at the age concerned and then this is converted to an IQ, 
by placing the 50th centile at 100 IQ and the 2th and 97th at 70 and 130 respectively- 


concept overcome by the use of 
tribution of skeletal age increases 
age 12—which is entirely within 
retardation of a year at age 3— 
arises in mental tests, for a similar 
which is analogous to the IQ, would be 
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Fig. 11. Skeletal age plotted against chronological age for three hypothetical persons. A, 
average of standardizing group throughout all growth period; B, initially skeletally mature 
above average, but passing later to below average; C, consistently below average maturity 
(a late maturer). (From Tanner, Growth at Adolescence, Blackwell: Oxford.) 


range of children the time at which these sequences start cannot be 
usefully predicted from bone age, though in pathological degrees of delay 
One age does serve as a useful guide. 
As Fig. 12 shows, children tend to be consistently advanced or retarded 
uring their whole growth period, or at any rate after about age 3. quee 
Broups of girls are plotted separately in the figure: those with an ar 
those with a middling, and those with a late menarche. The A 
menarche girls have a skeletal age in advance ofthe others not only atthe 
time of menarche, but at all ages back to 7; the late-menarche girlshavea 
skeletal age which is consistently retarded. The points M1, M2 and M3 
represent the average age ofmenarche in each group. To be quantitative, 
the correlation coefficient between age of menarche and skeletal age at 5 
or 6 years old, or between age at menarche and percentage of 11 
eight reached then (another measure of maturity), is between je 
6. The correlation becomes less the further back in growth one goes; the 


children’s velocity curves are steeper then and they cross each other more, 

; ringing reassortment of growth status. By and large there isa consistency 

in acceleration or retardation of skeletal and general bodily maturity. 
ental maturity partly shares in this general skeletal and bodily 
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Fig. 12. Relation of skeletal maturity 
(Todd Standards) for early-, average- 
maturity. MI, M2, M3, avera; 
Redrawn from Simmons and 
well: Oxford.) 


and age at menarche. Skeletal development 7510 
and late-menarche groups of girls, from age 7 
ge time of menarche for each group. Mixed longitudinal 1105 
Greulich, 1943. (From Tanner, Growth at Adolescence, Blac 


maturation, and at all ages from 6 to 13 children who are advanced 
skeletally have on average more erupted teeth than those who are 
skeletally retarded. Likewise, those who have an early adolescence erupt 
their teeth earlier, as illustrated in Fig. 13. But this relationship is not à 
very close one, as the figure also implies: even with only three maturity 
groups in each sex some crossing of the lines takes place. n 
This relative independence of teeth and general bodily development is 
not altogether surprising. The teeth are part of the head end of the 
organism, and we have already seen in Chapter 1 how the growth of the 
head is advanced over the rest of the body and how for this reason its curve 


differs somewhat from the general growth curve. The degree of indepen” 
dence of the teeth should not be over-emphasized, however. In fact, the 


correlation coefficient between skeletal age and dental age (as measure! 
by the degree of development of the lower third molar tooth as seen in X- 
rays) for children of the same chronological age in one study was 0. 
(Demisch and Wartmann, 1956). 

Evidently there is some general factor of bodil 


y maturity throughout 
growth, creating a tendency for a child to be ad 


vanced or retarded as # 
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Fig. 13. Total number of erupted teeth at each age for carly-, medium- and late-maturing 


girls and boys. Maturit ups defined by age at peak height velocity. Mixed longitudinal 
data, reported longitudinally. Redrawn from Shuttleworth, 1939, Table 67 and Fig. 127. 


(From Tanner, Growth at Adolescence, Blackwell: Oxford.) 


l — — 


Whole: in his skeletal ossiſication, in the percentage attained of his 
eventual size, in his permanent dentition, doubtless in his physiological 
reactions, probably also in his intelligence test score, as we are about Ks 
See, and perhaps in other psychological reactions also. Set under this 
general tendency are groups of more limited maturities, which vary 
independently of it and of each other. The teeth constitute two of these 
limited areas (primary and secondary dentition being largely independ- 
€nt of each other), the ossification centres another, the brain probably 
Several more. Some of the mechanisms behind these relations can be 
dimly seen: in children who lack adequate thyroid gland secretion, for 
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example, tooth eruption, skeletal development and brain organization 
are all retarded; whereas in children with precocious puberty, whether 
due to a brain disorder or to a disease of the adrenal gland, there is 
advancement of skeletal and genital maturity without any corresponding 
effect upon the teeth, or, so far as we can tell, upon the progression of 
organization of the brain. In disease ofthe adrenal glandat birth, causing 
development of the genitalia and advancement of skeletal maturity, there 
is no effect upon the age at which the child first walks (Dennis, 1941). 

The behaviour of children with precocious puberty provides a highly 
instructive example of the effect of a fully developed endocrine system 
upon a less developed brain. Psychosexual advancement by no means 
keeps pace with endocrine development. It seems that the hormones need 
a mature brain equipped with adolescent experience to work upon if 
adult sex behaviour is to occur. This is not to say that the hormones are 
entirely without effect. In one of the best-described cases to date (Money 
and Hampson, 1955) the psychosexual development of a boy with simple 
precocious puberty was at the level characteristic of his chronological age, 
but more energized than normally. The boy was 6½ years old, with a 
skeletal age of 15. He had begun to have seminal emissions at 5 and to 
masturbate at 6. He experienced numerous dreams involving kissing 
women all over the body, which he would relate only to a male 
interviewer, and with the air ofa ‘roué narrating his escapades in all-male 
company’. He had no knowledge of copulation, and overt sexual behavi- 
our toward women had never been a problem. Several women on the 
hospital staff, however, said they felt uncomfortable under his gaze: 
Which carried a considerable message of seduction. Ina companion study 
of three girls with Precocious puberty there was little evidence of 
increased sex drive in anything approaching a direct form. 


Sex differences in developmental age 
xirls are, on the avera. 
onwards, and in dental maturit 


gins during fetal life, the male retardation 
1 € action of genes located on the Y chromosome, 
though in what manner we cannot say, At birth boysare about four weeks 
behind girls in skeletal age, and from then till maturity they remain about 
80 per cent of the skeletal age of girls of the same chronological age. It is 
for this reason that girls reach adolescence and their final mature size 
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— maturation and mental ability 
m = — oe panies the principal question of this chapter: to what 
esa pad ^ ectual and emotional advancement relate to develop- 
og uar er than to chronological age? To what extent, ifany, does the 
5 have a better chance of getting through an age: linked 
RE ma E example? Many authorities make an allowance in 
= ea results for the chronological age of the child, correcting all 
oes adi wem m age of, say, 11.0 years. Should an allowance be 
Bof i. ly, or instead, for developmental age? 
e Hie most disturbing aspect of this question is the lack of 
can m to it by educational authorities in this country until 
noma or most of the relevant data we have to look elsewhere. These, 
been i — as extensive as one would like, and certainly not as up-to-date, 
Bedae consistent. As can be seen in the study of the Harvard 
IR ucation, illustrated in Fig. 14, children who are physically 
ape or their age do in fact score higher in mental ability tests than 
rens are less mature, but of the same chronological age. The 
Ben 1 not great, but it is consistent, and occurs at all ages that have 
thy 120 that is, as far back as 6½ years (Franzblau, 1935; Aberne- 
Sii ^ ; Freeman and Flory, 1937; Shuttleworth, 1939; Boas, 1941). 
arly, the intelligence test score of postmenarcheal girls is higher than 
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that of premenarcheal girls of the same age (Stone and Barker, 1937, 
1939). 


extent, however, i 
the teeth in this r 


or simply because he was a 
verage development) destined t 


; ig. 15. The differences in the 
large, but quite definite; they appear in numerous 
other data. A random 4. | Year-old Scottish School children, 
for example, comprising 6,940 pupils, tested with the Moray House group 
test, gave a correlation coeffi 


cient of 0.25 + 0.0] between t nd 
height and 0.19 + 0.01 between test score and weight n of 
age on both was allowed for statistically ( 


Scottish Council, 1953). An 
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Merri s leads 
approximate conversion of these test scores to Terman-Merrill IQs 


cm of stature, or 
n has been found 
. Estimates of this relation in 
) and United States data (Boas, pa 

ther greater than this. Probably t 1 
somewhat according to the nature o 
o doubt of its general existence. The 
ndividual children. In 10-year-old girls 
n IQ between those whose height was 


se whose height was below the 15th. This is 
ion of the test score. 


there was a 9 point difference i 


pation. Those in the same National Child 
schools but whom teachers 

10n were about 2.5 cm less tall, 
and those receiving i ithi rmal schools were 1.5 cm less 
i ithin occupational groups of the 
Part of this difference may be due to 
g that mentally handi- 
ers. Why this should be so is 


fathers (Peckham e al., 197 
differences in tempo, but it is a common findin, 
capped adults are on average smaller than oth 
not at all clear. 


brothers and sisters) are shorter in stature 
Sof ability than chil i 


VE I5 associated with 


economic groups; and there is 
ease in IQ, In such dissimilar Sroups as conscripted 
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te maturer has repercussions 
rcussions may be consider- 
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to physiological events (Stone and Barker, 1939; Davidson and Gottlieb, 
E world of the small boy is a world of tooth and claw, where cipe 
rowess brings prestige as well as success, and where the body is muc 
B instrument of the person than in anyone except the athlete in 
later lif Boys who are advanced in their development, not only at 
ae c but dire as well, are more likely than others to be the leaders 
Paid top dogs. Indeed, this is reinforced by the fact that muscular, 
€ rful boys on average mature earlier than others and have an earlier 
Ea growth spurt. Thus body-build relationships, at least in boys, 
tender even more telling the effects of different tempos of growth. The 
led built boy not only tends to dominate his fellows 1 
puberty, but by getting an early start he is in a good position to em 
that domination. The unathletic lanky boy, unable, perhaps, to hold : 
own in the pre-adolescent rough and tumble, gets still further pushed h 
the wall at adolescence, as he sees others shoot up while he remains nearly 
boys several years younger now suddenly 
tic skill, and perhaps, too, in social graces. 
€s of two boys, the first an early-maturing 


as well as in this particular instance. Though taller, 
late maturers have on aver. 


both are adult, 


At a much deeper level, the late dev 
to wonder and to have doubts about 
body properly and whether he will be 


realized problems to anyone except, perha 
family doctor, or an experienced and sym 


the early years of life. The psych 
language, of the castration complex. 


certain basic way of reacting to events by being afraid that one’s skills, 
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eee . in the purely non- material sense, will be taken away 

3 e and that this way of reacting may be, and in the 

ies m iterally is, symbolized in the act of castration. It needs 

d gination to see how these deep-set unconscious fears may be 
gged to the surface by an initially superficial and simple anxiety in the 

sphere of sexual development. , 
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of Harpenden Growth Study, one with an 
The plots are made against the Tanner- 


n finally the two boys are the 
the late maturer a linear boy. 


ve 1 degli attained from 11 to 17 of two boys 
ea the other with a later adolescent spurt. J 
M hos British Standards. Note how initially and agai 
height. The early maturer was a very muscular boy, 


Tt may seem as though the early maturers have things all their own 


wie Itis indeed true that most studies of the later personalities of children 
D se growth history is known do show the early maturers as more stable, 
re sociable, less neurotic and more successful in society, at least in the 

B nited States whence all such studies to date have come (Jones and 
ayley, 1950; Mussen and Jones, 1957, 1958; Jones, 1957; Jones and 
Pardi 1958). Early-maturing girls, in another American study, were 
i ered more grown-up and given higher ratings on social prestige 
Wa s by their fellow schoolgirls than late maturers of the same age. This 
5 only true, however, in classes composed of girls of about 12 years and 
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older; amongst 11-year-old girls, on the contrary, the higher prestige was 
accorded to premenstrual girls. Thus both the very early and the very late 
suffer by comparison with the more average girls (Faust, 1960). The early 
maturers have their difficulties. Though some glory in their new posses- 
sions, others are embarrassed by them. The girl whose breasts are 
beginning to develop may refuse to stand erect and slouches when asked 
to recite in front of a class; and the adolescent boy may have similar 
embarrassments. The early maturer too hasa longer period of frustration 
of his sex drive and his drive towards independence and the establishment 
of vocational orientation, factors which all writers on adolescence agree 


are major elements in the disorientation that some young men and 
women experience at this time. 


st never lose sight of the fact that girls are 


j € advanced at all ages than boys. 
The ultimate point is that girls are older, in any real sense of that term. 


Eventually we shall have to take cognizance of developmental age rather 
than chronological age in many fields of education and recreation. It is, 
for example, highly relevant to the question of school-leaving age. 


Probably it is good to keep all or most children at school until their 
adolescense is finished; but if one does 


worker or theoretician to envisage, 
apply. The difficulty might not be i 
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Were more of a graded, and less an absolute, event; if leaving simply 
implied passage to part-time education or to further part-educational, 
part-industrial activity. Within a flexible and continuous system, early 
and late developers would be better able to avoid the present Procrustean 
Bed, and develop their talents at a tempo and in an environment suited to 
their individuality. ‘ i 

The assessment of developmental age by medical means, at least in 
some cases, may be of value to the teacher. An assessment of physical 
maturity is regarded in many countries as an essential part of the 
examination of a child referred to the child health service because of 
behaviour disorders, unexpected educational failure, chronic ill health or 
sub-standard growth. But the formal determination of physical maturity 
in a few children is perhaps less important than the general realization 
amongst teachers of the existence and effects of individual differences in 
tempo of growth, and the planning of the educational system to accom- 
modate them. 


CHAPTER FOUR 


Organization of the Growth Process 


The growth of the child is a very regular and very organized process. The 
structure of the adult organism is, for the most part, contained in the 
extremely small and highly condensed codescript carried in the genes- 
That is why identical twins, who have identical sets of genes, resemble 
each other very closely in appearance. They are not, however, absolutely 
the same; on careful measurement and examination some differences in 
size or shape are nearly always found. These arise because during the long 
and complex process which intervenes between the primary chemical 
action of the genes and the finished adult form there are many opportuni- 


ties for slight deviations, slight discrepancies between chemical reactants, 
to occur. 


For example, when the sin 


For ex gle fertilized egg divides to give identical 
twins, it is unlikely that exactly 


ins, iti equal amounts of cytoplasm go to each half. 
It is unlikely, therefore, when the chemical substances produced by the 
genes go out to organize the cytoplasm, that exactly the same concentra- 
tions of reactants will be formed in the two developing organisms. As 
further chemical processes proceed, the opportunity exists for originally 
small discrepancies to get progressively magnified. Then, as growth 
continues, the two organisms are affected differently by environment, for 
their positions in the uterus and their blood supplies are never quite the 
same. Finally, after birth, even under favourable circumstances o 
upbringing, the two children are never identical in their total environ” 
ment, for their food habits are never quite the same, their illness 
experience never exactly similar. 


Canalization and catch-up 

The great similarity of identical twins th 
even if their original genes are the same. It 
organization of development is such that the 
and growth are self-stabilizing or, to take 
seeking’. The passage of a child along his gro 


us requires an explanation, 
is thought, in fact, that the 
processes of differentiation 
another analogy, target, 
wth curve can be thought © 


50 


51 


as analogous to the passage of a missile directed at a distant target. The 
target is determined by the genetic structure; and just as two missiles may 
follow slightly different paths but both end by hitting the target, so two 
children may have slightly different courses of growth but end up with 
practically the same physique. This self-correcting and goal-seeking 
capacity was once thought to be a very special property of living things, 
but now we understand more about the dynamics of complex systems 
consisting of many interacting substances we realize that it is not, after all, 
such an exceptional situation. Many complex systems, even of quite 
simple lifeless substances, show such internal regulation simply as a 
property consequent on their organization (see Waddington, 1957; 
Bertalanffy, Discussions on Child Development, Vol. I V, p. 155). 

This power to stabilize and return to a predetermined growth curve 
after being pushed, so to speak, off trajectory, persists throughout the 
whole period of growth and is seen in the response of young animals to 
illness or starvation. During starvation the animal’s growth slows down, 


but when feeding begins again its velocity increases to above normal, and 
[ the original growth 
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excessive growth of, for example, th 
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the situation, so far as we can tell, entirely to normal, There are two in 
in which this may be done (Fig. 19). In true complete —— 3 
velocity increases to such an extent that the original curve is attained à 


store 
y be complete and resto 


ORGANIZATION OF THE GROWTH PROCESS 83 


cm T T T 
190+ 5 e heghellag dated 
eee | 
180} BOYS Height „„ 
S a F 
M 


100} 
F "4 Z7 4 
/ 
Lor 
an grow ormone 4 


Age. years 


. Ne 
Fi tet 48 * 8 Ww B1 
"M P 5 H 
127 01 The growth curves of two brothers with growth hormone deficiency, each showing 
in “catch-up when growth hormone is administered. Note that catch-up is more complete 
he younger brother, probably because treatment started earlier. 


a 

Se (curve B). In these cases grow 
ensation for the growt 
of these responses. In Fig. 20 are 


f whom had isolated 
treated 


til 
ag age 6.2 years. By this time, 
Browth, with a bone age o 


54 


velocity, 
height-fo 


EDUCATION AND PHYSICAL GROWTH 


ge of variation expected from 


his parents' heights (shown in the figure by the vertical barred line with M 


and F, representing parents? centiles, 

treatment started much earlier, at age 
complete catch-up, reaching the 10th cent 
and thereafter continuing along it (notic 


phase of packing material into the cells, 
The actual cause of the greater- 


we reflect that 


more quickly tha; 


Y, girls recover from growth arrest 
is not known. 


gical reason for this greater stability 


cate growth patterns 
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Competence and specification 
All cells have a full set of chromosomes and hence of potential assembly 
lines for all types of protein. But very early in embryological development 
this general competence, as it is called, is lost; each cell concentrates more 
and more on certain specialized production lines. It seems that the other 
lines are put into moth balls rather than actually smashed up, but the 
mothballing is usually pretty thick. Thus when the period of competence 
of a cell to do something has passed, it is usually impossible to recapture it. 
The most thoroughly studied instance is that of the toad retina. There is 
a small area of the embryonic nervous system which will develop into the 
neural part of the retina. It is polarized very early into latent front and 
back ends, as can be shown by taking it out of the body and growing it in 
tissue culture. However, if it is excised while still an early eye rudiment 
and replaced back-to-front it is able to change its polarity and a normal 
eye is formed. The change is made through interaction with the rest ofthe 
System surrounding it. However, if the rudiment is excised, left to develop 


to a more advanced stage outside the body in tissue culture, and then 


reimplanted back-to-front it can no longer reverse polarity and the eye 
nections with the brain. The 


forms an inverted pattern of nerve con 
neurons are now said to be ‘specified’ or determined’. Complete specifica- 
tion seems to accompany cessation of the power of dividing. The time at 
Which specification occurs varies from tissue to tissue and even from cell to 
cell. Specification usually occurs well before any morphological signs are 
visible: thus experiment reveals certain cells to be specified irreversibly to 
make a certain part of the brain: but only considerably later can they be 
identified as actually turning into that part. Specification, in other words, 
is a matter of molecular form and distribution. The effect of a central 
nervous system poison in the fetus (for example, thalidomide) depends 
firstly on the specific chemical affinities of the poison with particular types 
of cell and secondly on whether these cells and their potential replace- 


ments are specified at the time the poison acts. 


Sensitive periods 
d „very important extension of 
nsitive periods. These were originally call 
and psychologists, and have also, ina more limited context, been referred 
to as periods of special vulnerability. By a sensitive period is meant a 
Certain stage of limited duration during which a particular influence, 
from another area of the developing organism, or from the environment, 
evokes a particular response. The response may be beneficial, indeed 
Perhaps essential for normal development, or it may be pathological. 
An example of a sensitive period for a pathological event Is well known 
to everybody. Some children whose mothers have rubella (German 
measles) between the first and twelfth weeks of pregnancy are born with 
Cataracts in the eyes and other defects. The period of response 1s strictly 


Imited; it is ‘critical’ in a very real sense. 


this principle is seen in the concept of 
ed critical periods by biologists 
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To what extent, however, do sensitive periods, periods where a certain 
normal stimulus must be obtained, occur in healthy development? It 
seems clear that in the embryo many of the essential linkages in develop- 
ment are of this nature. One of these, at least, we can infer with some 
confidence. Men and women differ genetically in that the former have 
one X and one Y chromosome, and the latter two X chromosomes. At 
approximately the seventh intra-uterine week genes on the Y chromo- 
some, by some series of steps of which we are ignorant, cause the 
previously undifferentiated reproductive organ tissue to differentiate, 
and form a testis. This is a critical event, for if it fails to occur then some 
weeks later the undifferentiated organ differentiates, probably spontane- 
ously, into an ovary. A few children are born with a chromosomal 
formula XXY; in them the Y gene, outweighed by two Xs, is only partly 
successful in causing formation of t 
critical period occurs later in the ge 
About nine weeks after fertilizati 


m. Once more, if failure to secrete the 


hormone occurs, then some wecks later the genitalia become, quite 


passively, definitively female. 
A similar period in re 


after birth, in the rat, the brain iss 
male, this is secreted b 
irreversibly male, so that 
henceforth in a male, non-c 
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Fig. 21. Taking the simple, right-hand panel first: the percentage of the 
adult value at each age is plotted for foot length, calf length and thigh 
length in boys. At all ages covered by the data the foot is nearer its adult 
status than is the calf; and the calf is nearer its adult status than is the 
thigh. A growth gradient is said to exist in the leg, running from advanced 
maturity at the far end of the limb, to retarded maturity at the end nearest 
the trunk. The word ‘gradient’ has arisen because of the supposed 
mechanism by which such phenomena come about. It is thought that, in 
the embryonic limb bud, before any differences in maturity between the 
three segments can be discerned, there must be differences in the 
concentration of some chemical substance. Thus a concentration gradi- 
ent of the chemical substance leads to a maturity gradient in physical 
structure. 
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Fig. 21. Maturity gradients in upper and lower limbs. L 
percentage of adult value. Note hand nearer adult value th: 
than upper arm at all ages, independent of sex difference in m 
data from Simmons, 1944. (From Tanner, Growth at. Adolescen 


in Fi dients in the arm, 
The left-hand panel in Fig. 21 shows the same gra 
Which resembles ere the leg in its whole manner e we 
remember that we share many of our growth patterns um 
mammals, and the great majority of them with ans ei z 
N x th curves much resem»n 
apes and monkeys, who have grow d to shoulder. Two further 


man); in the arm the gradient runs from hand l : 
things may be noted: first, the sex difference m maturity appears again 


here, without affecting in any way the hand-shoulder gradient (for each 
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segment of the arm girls are ahead of boys, and the same is true in the leg); 
second, the upper two segments of the arm are a trifle ahead of their 
corresponding segments in the leg; the foot, however, is as advanced as the 
hand, or even ahead of it. 

The advancement of arm over leg reflects another growth gradient, 
known to everyone who has seen a newborn baby. In the newborn the 
head is much larger than the trunk, compared to the adult, and the legs 
are smaller. This is illustrated in Fig. 22, where the percentage that head- 
and-neck length, trunk length, and leg length contribute to total length at 
different ages is given. The head end of the organism, as we have 
repeatedly emphasized, develops first; the limbs develop last. 

Fig. 22 illustrates a further point about gradients. Gradients may exist 
during a certain time only in development and be swamped by other 
processes at other times. They may also interact with other gradients, 
either additively, as in the sex difference gradient and the limb hand- 
shoulder gradient, or doubtless in some cases in a more complex fashion. 
In Fig. 22the change of percentages of stature due to the three component 
parts is progressive until age 13; but from 13 to 17 the gradient disappears, 
being supplanted by a particular influence on one component, notably 


ra * spurt affecting trunk length more than head-and-neck or 
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Fig. 22. Percentage of total body length due to head 
various stages of prenatal and postnatal growth. Note incr 
13 and 17. (Redrawn from Meredith, 1939.) 


-and-neck, trunk, and legs in boys at 
ease in trunk percentage betwee? 


Gradients can be quite localized in their occurrence; presumably the 
majority are so, the ones we know about being the ones producing widely 
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spread effects. There is, for example, a gradient controlling growth of the 
fingers and toes, so that the second finger is nearer maturity than the 
third, the third nearer than the fourth and the fourth nearer than the fifth. 

There is no reason to doubt that much of the growth of the brain is 
organized by means of such gradients; indeed, we can identify some of 
them already (see Chapter 5). 

Furthermore, it has been shown in animals that many adult differences 
in size and shape arise through the differential advancement or retarda- 
tion of particular body areas, usually during fetal life. Differences 
between inbred strains (which are more or less equivalent to differences 


between individuals in human genetic terms) can often be explained in 


this way. Not all gradients lead to adult differences; advancement of a 
particular area in the fetus of one strain does not of necessity give rise toa 
finally greater development of that area when adult status is reached, 
since the more retarded strain may grow for longer or may grow faster at a 
subsequent time. In practice much adult variation evidently does depend 
on localized growth-velocity differences in the fetus, For example, adults 
of a particular inbred rabbit strain have a localized broadening of the 
vertebral column in the neck, relative to another strain. This difference 1s 
not only present in newborn animals, but is manifest already in fetuses 20 
to 21 days after fertilization, one strain showing an earlier appearance of 
ossification centres in this region (Crary and Sawin, 1957). 


Disorganizati 
ganization of growth 5 T wE 
The multitude of chemical reactions going on during differentiation 


and growth demands the greatest precision in linkage. Thus for normal 
acuity of vision to occur the growth of the lens of the eye has to b 
harmonized closely with the growth in depth of the eyeball. The shape o 
the lens determines the degree to which the light rays are bent toa 10 
and the point of ſocus must lie on the retina, that is the back wall oft s 
eye. It is small wonder that the success of this co-ordination varies, an 
Most people are just a little long-sighted or short-sighted. ee 1 5 
Seem that many features ofthe face and skullare individually gove f Ur 
genes which do not much influence the growth of other, near! Un ea : E 
But in general the parts of the face fuse to constitute an 1 1 le US 5 
and this is because the ſinal stages are plastic sad variable CURAE 
together, for example, the upper and lower jaws | iy [oe e 
regulation come into play which do not reflect the origina gen 


f i Wise and Frei, 1959). 
tune un nce the velocity of growth of one part 


These regulative forces harmont G ) 9 
with that pee. or the speed of one chemical react € 5 
another, do not always succeed even 1n arriving wit aes b e m 
around the target. If the original genetic ox egi 17 oe 
unbalanced, normal development can r. For Sy p prona 
the chromosomes in the human 115 E a ies d 
number and distribution of genes oce ilized egg, 


60 EDUCATION AND PHYSICAL GROWTH 


abnormalities of growth occur, the best known being Down's syndrome 
(mongolism), a disorder comprising physical abnormalities and mental 


described in Chapter 3, where the development ofthe endocrine system is 
greatly advanced relative to that of the brain, 

There are a number of child Psychologists and psychiatrists, for 
example Bowlby (Discussions on Child Development, Vol, [ V, p. 36; see also 


culturally excessive deviations from the average (analogous to an incon- 
venient degree of Short-sightedness), are thought to arise from insufficient 
harmonization of the speeds With which various structures and functions 


However, the same principle can usefully be carried further. Different 
Psychological functions develop in an individual in a distinct order, and 
without begging the question of their relation to neurological structure, 
we can say that they too may develop disharmoniously perhaps because 
of interaction between the child and his parents or teachers. Thus if the 


Perhaps, even, restraint applied to 
fested may, by a sort of backpres- 
x ce of Subsequent activities. 

I hough in our present state of knowledge it is hard to avoid lapsing, as 
n 1 ; 3 analogy, this general 
viewpoint, nurtured in experimental embyology, clearly offers possibili- 
ties for behavioural research. Not all human behaviour is open to such a 
delightfully simple explanation as that of Anser oedipoidipus studied by 
Lorenz (Discussions on Child Development, Vol. IV, p. 128). Domesticated 
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strains of geese mature earlier than wild geese, and in the offspring of a 
wild gander and a domesticated goose disharmonization occurs between 
sexual maturation and the earlier mother-following response. The 
mother-following response still remains in operation when the sexual 
response appears, and the young male bird in consequence insists on 
copulating with its mother. Since the wild father's sexual activity arises 
only later in the spring, it is unnecessary that he should be killed; he 
remains completely indifferent to the drama. 

Lorenz gives a second example, also in geese, but also instructive, after 
the manner of an exaggerated model. Pair-formation in geese depends 
upon a chain of activities, beginning with those called ‘distance court- 
ship’. This is the only behaviour pattern of the chain which is different in 
the two sexes. Thus it sorts out heterosexual pairs, and the remainder of 
the courtship activity chain, culminating in mating, takes place between 
these pairs, Distance courtship may be omitted, for environmental 
reasons, or because of disynchronization, and, if so, homosexual pair 
formation occurs as readily as heterosexual and the pairs thus formed 
Continue to the actual stage of mating. 


Stages of development: general and singular 
In child development circles there has been much argument as to 
whether development is continuous or whether it occurs in ‘stages’, that 
35, in jumps separated by plateaux when little happens. Again, supposing 
Stages to exist, there is argument as to whether any general ones end 
characterizing a simultaneous achievement of a number of anatomical, 
Physiological and psychological developments. v: 
hysical growth, as we have repeatedly stressed, does no! occur in : 
Series of jumps, but continuously (except for the minor seasonal ran 
Seen in some children). Thus in physical growth it is clear that no sies , 
in the sense used above, exist, except in so far as one might consi K e 
rapid change at adolescence as the achievement ofa new, and mature, 


stage, < ; 
Nor is there good evidence for the existence of discontinuous 7 75 i 
evelopment in the brain; however, one should add here ostii 
evidence is so scanty that stages with rest periods in MOON eue 5 8 * 
Without our present investigations showing them. In i 15 Pues 
Perception in the young child no distinguishing pu en ss ES 
ere also development seems to be continuous (Piaget, Dis 


evelopment, Vol. IV, p. 12). ; 

Stages — d em to occur in the development ii le m 
Such as crawling, walking, and so forth. It is said, for capis r 
à child walks or he does not walk and this in a tone m — 7 
One day the child, previously unable to walk at all, m pue ninde pe 
ability to walk unaided. Close observation of the deve oe fonch 
5 »ility, however, by no means supports this notion 25 M F 12 
74-86); on the contrary, the ability to walk develops gradually. At firs 
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child acquires inhibitory control over the neonatal movements of the legs, 
then he makes stamping leg movements when supported, then deliberate 
forward steps when supported, then independent steps but with the arms 
widely extended, feet far apart and knees flexed, Only when these 
developments are completed does the child walk with heel-toe progres- 


example, seems to take Place as 
In emotional development, to 


ORGANIZATION OF THE GROWTH PROCESS 63 


general stage; here, it is true, developments in anatomy, physiology and 
behaviour do tend to occur ina synchronized manner. But the degree of 
synchrony is only relative: skeletal age and dental age, it will be 
remembered, are linked but not absolutely, and though the processes 
causing advancement in the skeleton seem to be associated with those 
advancing mental development, they are only one small contributor to 
the total intellectual capacity. 

Development is best envisaged as a series of many successive processes, 
Overlapping one another in time and linked loosely or tightly as the case 
may be. Out of the complexity of the linkages, under equilibratory forces, 
emerges an overall order with visible changes in the various sectors 
following one another with the regularity of a continuously changing 
mosaic. The process is one of continuous unfolding, with speeds varying 
from time to time in different parts of the mosaic; it is not a succession of 
kaleidoscopic bumps. Only in certain restricted areas do rapid reassort- 
ments of the pieces occur, as they fall into newly integrated and increas- 


ingly precise patterns. 


Prediction of adult size from size in childhood . 
One of the results ofthe regularity of growth, and ofthe forces restoring 
the child to its curve after some perturbation, is that prediction of adult 
height can be made from knowledge of the height in earlier years. So 
much is obvious enough to any parent; but the form ofthe curve shown in 
Fig. 23, and the quantitative aspects of the predictions, are interesting. 
The vertical scale in Fig. 23 shows the magnitude of the correlation 
Coefficient, which is a measure of the closeness of association between two 
things measured, in this case height at birth, 1, 2 and so on, and height at 
adulthood. The coefficient covers a range from 0 (no association) ER 
Complete association; one predictable precisely from the other). a 
Scale of the coefficient is such that it is progressively harder to aye it E 3 
her it gets; thus the step from 0.7 to 0.8 is greater than the step from 0. à 
to 0.4. The square of the coefficient gives approximately the WR he 
adult Variability explained by variability at birth, 172; 1 d: y 
Percentage predictability. When asked to predict how tall c 1 w 
Boing to be as an adult, ifone knew nothing about Aatall pi is 1815 
one would have to say that he would be between x andy rir 11 5 E 
cing the upper and lower limits of normal adult ja 110 D T 
Owever, A's 5-year-old height, which has a correlation n ou 5 
adult height, one's prediction is narrowed to 60 per cent. of the total a 


Tange, 4 
Apart from its intrinsic interest to children and parents és duel 
to predict may have a practical use. Children entering cert a is 
allet, for example, are required when adult to eee 5: ie 5 
ae ee are is their baa e deh they 1 i 
ancers. They enter the school at 9 or 10, a Ad an äng Thé 
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Fig. 23. Correlations between adult height and heights of same individuals as . 
Sexes combined lines (0-5) from 124 individuals of Aberdeen study (Tanner, Ho 
Lockhart, MacKenzie and Whitehouse, 1956) with + points from Bayley (1954). Boys 2 


zs am and 
girls' lines (3-17) from 66 boys and 70 girls of California Guidance Study (Tuttenham an 
Snyder, 1954). All data pure 


vell: 
longitudinal. (From Tanner, Growth at Adolescence, Blackwe 
Oxford.) 
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Prediction of adult height from present height and skeletal maturity, as 


described below, has proved helpful in preventing the entrance of those 
whose chances of ending within 


One can place the limits as one 


š mits are 
r cent chance, even, of ending between the limits a 


: ; tr 
ut those with a lower chance are advised to UY 
something else. 


The form of the curve in Fi 


PaP 5 2m ne 
g. 23 is instructive, Length at birth tellso 
almost nothing about adult i 


falls as a result of individual Kally 
The prediction for a boy of 5 ft. 6 in. at 13 years who has practica 
finished his spurt is very different fr 

age who has not yet start 


s based on chronological age ns 
height only; Bayley and Pinneau (1952) and Tanner et al. (1975) ha 


published further more detailed tables for Prediction based upon skelet# 
age. 
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Mean percentage of mature height reached at each 
age 3 months to 18 years. Data based on longitudinal 
study of approximately 20 children of each sex, 
Berkeley (Calif.) Growth Study, period 1930-1950. 
(From Bayley and Pinneau, 1952.) 


Chronological 
age Boys Girls 
Months 3 33.9 36.0 
6 37.7 39.8 
9 40.1 42.2 
Years 1 42.2 44.7 
1% 45.6 48.8 
2 48.6 52.2 
2% 51.1 54.8 
3 53.5 57.2 
4 57.7 61.8 
5 61.6 66.2 
6 65.3 70.3 
7 69.1 74.3 
8 72.4 77.6 
9 75.6 81.2 
10 78.4 84.8 
11 81.3 88.7 
12 84.0 92.6 
13 87.3 96.0 
14 91.0 98.3 
15 94.6 99.3 
16 97.1 99.6 
17 98.8 99.9 
18 99.6 100.0 


At birth predictability is low because birth size depends very largely on 
maternal environment and not on the genes of the fetus. During the last 
month of pregnancy the fetus slows down in growth, apparently asa result 
of influences from the uterus. The slowing down is related to the total 
Weight of the uterine contents, and twins begin to slow down earlier than 
singletons. The mechanism ensures that à small mother can successfully 
give birth to a child who is genetically destined to be large, perhaps from 

aving a large father. In the months after birth such a child grows fast, 
Catching up onto his true growth curve. 
] The rise of correlation from one year onwar 

somewhat different phenomenon and one o 


ds seems probably to reflect 
f great importance in 
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principle. Not all genes are active at birth; all through life previously 
dormant genes awaken, or at least produce new effects that they were 
unable to produce at an earlier age. Some genes of medical importance 
show this particularly clearly. Huntington's chorea, for example, a 
disease of the nervous system, is due toa single gene inherited very simply 
and, manifesting its effects with great regularity. But the disease usually 
appears between 30 and 40, and despite searching no clear abnormality 
can be demonstrated before the disease begins. It seems that a similar 
thing occurs in the genes governing growth. As the child grows, more of 
the genes show their hand; not only is the child's adult status increasingly 
well predicted, but his resemblance to his parents in size 


(relative, of 
course, as well as absolute) 


becomes increasingly marked also. Most of 
these height genes seem to be exerting their effects by about age 3. 


Probably, however, a rather different set of genes governs the magni- 
tude of the adolescent spurt: this would explain why the adult-child 
correlation rises only to 0.85 before adolescence and then increases 
sharply as final height is achieved. This is another example of the action of 
genes whose expression is age-limited, as it is called, that is, whose effects 
are only manifest at a certain age. Such genes—and it should be 
remembered that by age-limited we undoubtedly mean physiological- 
age-limited rather than chronological-age-limited—must certainly be 0 
great importance in the development of the brain and the endocrine 


System, in underlying the emergence of certain types of ability an 
behaviour. 


CHAPTER FIVE 


Growth and Development of the Brain 


We know as yet all too little about the growth of the brain and the 
development of its organization. Anatomical studies of brain structure 
are immensely laborious and few workers have had the courage, persis- 
tence and technical support needed to carry out morphological analyses 
of the brains of children at different ages. We owe much of our knowledge 
in this field to the devoted labours of Conel (1939, 1941, 1947, 1951, 1955, 
1959, 1963, 1967), who has published analyses of the cerebral cortex at 
birth, 1 month, 3 months, 6 months, 15 months, 2 years, 4 years and 6 
years, Rabinowicz (1978) has extended the series to 8 years on the one 
hand, and 6, 7 and 8 months of fetal life on the other. These studies were 
made with the optical microscope. Since Conel's time the electron 
microscope has enormously extended the detail with which the nervous 
System can be probed. A number of investigations, in particular by Drs 
Sidman and Rakic of Harvard University, have produced pictures ofthe 
developing nervous system whose beauty and elegance make the fashion- 
able discipline of molecular biology look simple and lifeless. These 
methods are immensely laborious and suitable human material is hard to 
come by, Nevertheless the promise is there; gradually the immense 
complexity of the developing brain is being unravelled. 

Physiological studies are at present practically confined to the electro- 


encephalogram (EEG) patterns, but to date these have provided more 
hints as to development than solid data from proper longitudinal studies. 
Owever, the technique of recording the activity of single nerve cells has 
*come well established, so the physiologist is now able to map very 
Precisely the sort of cells his probes encounter. 
The biochemical growth of the brain, that 
Concentrations of chemical substances at various stages of development, 
as advanced much in the last ten OF fifteen years, but biochemical 
methods tend to gloss over just that detail which is the chief feature ofthe 
rain’s organization. Most of the biochemical data so far concern total 
Concentrations of substances in the whole cerebrum or cerebellum, and 


is the mapping of the 
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fail to reveal precisely where the substances are located. However, the 
time is certainly coming when immuno-chemical methods will allow the 
same sort of fine distinction between individual cells that the microscope 
and the tiny probes of the electrophysiologist permit. 

Despite this relative lack of informa 
only in principle but from particular e 
discussed in the 


gradients, sensitive periods, linked sp 
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h understanding will illuminate the development of 


t | ther could do much to illuminate the 
relations between mind and brain. Piaget and Inhelder (see Discussion on 


Child Development, Vol, IV), in particular, have described the development 
n terms which most strongly recall those used 


Inhelder and Piaget, 1958, p. 336) 


in brain Structures (not a Particular area or 


nized network) as is the 


Morphological development 
From early fetal life onw 


A n the rest of the body. Its curve of 
growth from birth to adulthood has been given in Fig. 5 above, in 

Owth curve, and the curve for the 
ram is about 25 per cent of its adult 
cent, at l year 60 er cent, at 2%½ years 
about 75 per cent, at 5 years 90 per cent and at 10 id sin 95 ee (atn 
his contrasts with the 


issu 2 out a month birth; 
deceleration is thereafter quite rapid, By 1. year die Dem deh 
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velocity is down to about 25 per cent of its peak value, and by 2.0 years to 
less than 10 per cent of its peak. 

However, total brain size or weight is not a very satisfactory measure- 
ment. Different parts of the brain grow at different rates and reach their 
maximum speeds at different times. Fig. 24 illustrates this for the prenatal 
period in the same manner as Fig. 21 (p. 57), which showed the growth 
gradients in the upper and lower limbs postnatally. In Fig. 24 the 
percentages of the value at birth are plotted for the weights of the 
cerebrum (including the corpus callosum, basal ganglia and dience- 
Phalon, with the thalamus and hypothalamus), the cerebellum, the 
midbrain, the pons and medulla, and the spinal cord (foran illustration of 
the parts of the brain, see Fig. 27). The midbrain and the spinal cord are 
the most advanced at all ages from 3 fetal months to birth, and the pons 
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at earlier months by parts of the brain 


reached y 
rpusstriatum and diencephalon. (Data 


Fig. 24. Percentage of their volume at birth 
and spinal cord. Cerebrum includes hemispheres, co 
tom Dunn, 1921.) 
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and medulla come next. The cerebrum is less advanced, but still much 
ahead of the cerebellum (Dunn, 1921: see also Noback and Moss, 1956; 
Dobbing and Sands, 1973; Schultz et al., 1962; Howard et al., 1969). 
Though data on the postnatal growth of these parts are not numerous (see 
Scammon and Dunn, 1924; Dobbing, 1974; Cheek, 1975), it is clear that 
these relationships would be essentially unchanged if the plots were made 
in terms of percentage of adult value; that is, no counter gradients appear, 
so far as is known, during the postnatal period. 
Fig. 25 illustrates the same point in a different way, comparable with 
that of Fig. 22 above. Here the percentage of the total volume of the brain 
made up by cerebrum, cerebellum and midbrain-pons-medulla is 


plotted, from 3 months postmenstrual to 20 years after birth (data from 
White House Conference, 1933, 


Initially the midbrain, pons and 
volume, but by birth this has falle. 
percentage increases very slightly 


fibre tracts through these areas, which are relatively heterogeneous in 


in percentage as it grows faster than the midbrain-pons-medulla and 
then decreases as the c 

cerebellum, the part of 
movements, has its p 
(this arrangement se 


that malnutrition or other insult in 


part of infancy might be more likely 
‘Contrary to the oft-quoted ‘law’ of cephalocaudad or 


ain structures proceeds in general in 
tral) direction. A good example is the developm 


Vth nerve, studied in detail by Brown (1956, 19. 


head-to-tail development, the 
a caudo-cranial (or cervicoros- 
ent of the nucleus of th 


ending at about 18½ weeks, of the spinal tract of the Vth nerve 
develops in a cervicorostral directi 3 i 

motor nuclei of the human s highly probable, for this has been 
the cat (see Brown, 1958). 

t er of fetuses reported by Jenkins (1921) 
shows that the diencephalon (thalamus, epithalamus, hypothalamus and pons tracts) and 
corpus striatum develop carlier than the cerebral hemispheres. The diencephalon falls from 
some 10 per cent of brain volume at 3 fetal months to 3 per cent at birth, and the corpus 


striatum similarly from about 10 percent to about 5 percent, Thus the cerebral hemispheres 
themselves increase relatively even more than isi 


25. The hemisphere increase of size 
nearly 70 per cent of total brain volume: 
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White House Conference, 1933.) 


Movement control, making for a clumsy child, than on anything 


Renk the idea is only speculative. 
" Finally in Fig. 26 the actual speeds 
€ cerebrum (defined as above), 


Sorig the fetal period are shown ( 
da ues: note that the scale for cerebellum, 
oubled to give curves comparable in scale t 


Speed of growth is reached by the 


cerebral hemispheres before the graph beg 
Strual age of about 2 months for the spinal co 
mun 3 months or slightly before for the cerebr: 

he cerebellar dimensions grow at an 


8 months. The shape of the curves, represen 
guide to maturity; 


a the organs, is an additional g 

celerates fast, the cerebrum, mid 

cerebellum scarcely at all till birth. 
Even these curves are still too gen 


er 

[z] 
8 
S 


2 


ARS 


ributed by cerebrum, cerebellum and 
nths postmenstrual to adulthood. Cere- 
diencephalon. (Data from Dunn, 1921; 


else. At 


of growth of linear measurements of 


cerebellum, and midbrain and pons 


data from Dunn, 1921, smoothed 
midbrain and pons has been 
o the others). The maximum 
spinal cord, midbrain, pons and 
ins, probably at a postmen- 
rd, midbrain and pons, and 
al hemisphere dimensions. 
early constant rate from 4 to nearly 
ting the degree of deceleration 
the spinal cord 
brain and pons less fast, and the 


eral. The brain is made up of two 
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Fig. 26. Velocity curves for linear measurements of Parts of brain and spinal cord from 3 
months postmenstrual age to birth. (Data from 


Dunn, 1921, smoothed values.) 


the intricacy of which invokes comparison 
with stellar statistics. There are about 10" ora million million neurons in 
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dendrites of other cells, though without joining. Messages are passed 
across the tiny gaps by chemicals released at the nerve endings. It is 
thought that the most important clue to the functional capacity ofa brain 
is the ‘connectivity’ of its neurons, that is the number of connections each 
cell makes with the others. 

The neuroglia, which occupy about half the cellular volume of the 
brain, do not carry messages like the neurons. They are the support links, 
in the logistic sense, and act as intermediaries between neurons and the 
blood supply; a number have one process attached to a capillary blood 
vessel and the other intertwining among the surrounding neurons. They 
are smaller and more numerous than the neurons. They probably 
transmit glucose, amino-acids and other substances to neurons for the 
production of energy and the manufacture of structural protein and the 
chemical messengers. There is also evidence that during development 
some sorts of neuroglia act as scaffolding along which neurons actually 
move from their point of production to their final position, Other 
neuroglia manufacture the myelin sheaths which surround the axons. 
Thus neuroglia clearly have a crucial role in the nervous system. 

Neurons and neuroglia develop at quite different times, at least as 
concerns cell division. Most of the neurons in the cerebrum are formed 
during the period from about 10 to 18 postmenstrual weeks; that is to say 
their nuclei are formed then, surrounded by minimal cytoplasm. Axon 
and dendrite growth comes later; in some cases, it would seem, very much 
later indeed. Glial cells in the cerebrum begin to be formed around 15 
postmenstrual weeks and continue being formed, though at a decreasing 
rate, until some time in postnatal life. It is said that new neuroglia cells are 
formed in the cerebrum up to about 2 years postnatally, but surprisingly, 
in the cerebellum only up to 15 months (Dobbing, 1974). However, these 
are generalizations based on chemical rather than structural evidence. 


Cerebral cortex development "T re 
Conel’s work has provided us with an extraordinarily valuable picture 
irth to 6 years and it has 


of the development of the cerebral cortex from bit 
been supplemented by Rabinowicz’s studies (1978). The cerebral cortex 
is identifiable at about 8 postmenstrual weeks, and by 26 weeks most of it 


shows the typical structure of six somewhat indeterminate layers veis 
Cells (the grey matter) on the outside, with a layer of nerve fibres, the 


White matter, on the inside. 


At first the cells are small, consisting largely of nuclei with very little 


cytoplasm. They are closely packed, with few and small processes. As iey 
develop, their axons and dendrites appear; nucleoprotein materia 
known as Nissl substance, stainable with suitable dyes, appears in their 
Cytoplasm; and a fibrillary structure becomes visible in the cytoplasm 
upon silver impregnation (the neurofibrils). Many ofthe axons acquire = 
insulating sheath of myelin, the thicker fibres in general getting more, the 
thinner ones less, and some fibres practically none at all. 
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From these changes a series of criteria for maturation of parts of the 
cortex can be obtained, just as criteria for skeletal maturity were obtained 
from the changes in appearance of the ossification centres of the hand and 
wrist. Conel used nine criteria: (1) the width ofthe layers ofthe cortex; (2) 
the number of neurons per unit of volume, or density of neurons, the 
density decreasing as cytoplasm, fibres and inter-neuronal substance 
increases in area; (3) the size of the neurons; (4) the condition of the 
staining Nissl substance; (5) the presence of neurofibrils; (6) the size and 
length of axons and dendrites; (7) the presence of pedunculated bulbs, 
Structures seen near cell bodies; (8) size and number of fibres entering the 
cerebral cortex from the rest of the brain and the spinal cord; and (9) the 
degree of myelination of the axons. 

There is considerable localization of function in the cerebral cortex, 
certain parts being necessary for vision, others for movement, and so on. 
The locations of the chief areas of this sort are shown in Fig. 27. Around 
the primary motor, sensory, visual and auditory areas are areas known as 
‘association areas’ which are evidently concerned with the integration of 
the information arriving in the primary area. Thus, if the primary visual 
area is destroyed blindness results; if the visual association area is 
destroyed things can still be seen, but the interpretation of this informa- 
tion is faulty, in other words the ‘meaning’ of the things seen is distorted, 
and the ability to recall visual i 


r mages may be impaired. Within the 
primary motor and sensory areas ( 


precentral gyrus, that is, the fold of the brain 
chief, or central fissure (see Fig. 27). Next com 
in the postcentral Byrus; then the pri 


Ppocampal and cingulate gyri la, 
frontal lobe, and the insula, the part of 
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Fig. 27. Lateral and medial views of brain, 
ex and subcortical structures. (After 


localization of function, and location of thal 
ut A, lateral view of cortex. B, medial view of cort 
arious maps, including Penfield and Rasmussen, 1950.) 
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of the temporal and frontoparietal lobes, lags behind all parts of the 
frontal lobe. 


Within the motor area the nerve cells co 
arms and upper trunk develop ahead of 
the order of maturity appears to be (a 
(b) leg and hand, and (c) head; but by n 
rest of the arm, and by three months the head has moved up to be in 
advance of the legs. This order is maintained from then until 2 years; it 
fthearm relative to the leg in bodily 
also, of course, the infant's capacity 
gs. 


ntrolling movements of the 
those controlling the leg. At birth 
) upper trunk, neck and upperarm, 
one month the hand has joined the 


Sort, since little or no localization by bodily 
de the pri 

each lobe. 
x from birth to 2 years may be summed up 
tance and few neurofibrillae are to be seen 
h they are plentiful in the cells of the spinal 
he cortical level). A small amount of myelin 
tor, sensory, visual and auditory areas; but 


does not suggest that cortical function is 
possible.’ By one month considerable maturation has occurred in the 


motor cortex, particularly in the upper limb and trunk area, but 


man spinal coi 


areas occurs there. Conel, in 
mary areas as proceeding in a 


! The sequence of myelination in the hui 
Langworthy ( 1933) and others le. g. Keene and Hewer, 
Myelin first appears at about 14 postmenstrual weeks 
che medial longitudinal bundle and the ſi 
the lower limbs (fasc, gracilis 
(fasc. cuneatus), corres; 


rd and brain has been studied by 
1931; Yakovlev and Lecours, 1967). 
in the motor cranial and spinal roots, 
rst sensory pathways. The sensory pathways from 
) myelinate later than those from the arms and upper trunk 
ponding to the relative state of bone and muscle development of the 


K y he seventh month (i.e. the time 
when it can survive outside the uterus) most crani; ves and most nerve tracts descending 
ar system, the roof nuclei of the 
ut there is no myelin above the 
tate nucleus fibres. The cervical 


cortex. At birth the optic nerves, 
myelin, and the thalamus has moi 
tracts is complete, and the olſac 
begun to myelinate. The ventral or medial nuclei of the thalamus 
have some myelinated fibres, By 


o Langworthy, all the tracts have 
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elsewhere the appearances still suggest limited, if any, function. By three 
months all the primary areas are relatively mature, suggesting that simple 
vision and hearing are functional at a cortical level but not at a level 
involving any interpretive functions dependent upon the association 
areas. By six months most areas have advanced further and many of the 
exogenous fibres coming to the cortex have become myelinated; but the 
majority of the association fibres passing from one part of the cortex to 
another are still immature. The hippocampal gyrus has begun to mature, 
but the cingulate gyrus and the gyri ol the insula appear still unlikely to be 
able to function. 

Between six and fifteen months the rate of development is greatest in 
the temporal lobe and the cingulate and insula; next greatest in the 
Occipital, and least in the parietal and frontal lobes, which have already 
passed through most of their course. Though the primary motor arca is 
still in advance ofall others the differences between itand the rest are now 
becoming reduced. Considerable maturation has occurred in the associa- 
tion areas, particularly the visual one, which is still ahead of the auditory. 
The macula area (that is the area corresponding to the exact centre of 
fixation and point of clearest daylight vision in the retina) is the most 
advanced of all the visual areas. The arca in the frontal lobe concerned 
With eye movement is now well developed, but other portions of the 
frontal lobe remote from the primary motor arca are still relatively 
immature. 


By 2 years the primary sensory area has caught up with the motor arca. 


he association areas have developed further, but the visual is still ahead 


of the auditory, suggesting that there is more discriminative ability in 
Vision than in hearing. In the frontal lobe the mid-frontal gyrus immedi- 
a is more advanced than the superior 


ately opposi nd motor are ; 
frontal, which 1 is more advanced than the inferior frontal and the 
Orbital cortex. The trunk, upper limb and head areas in both motor and 
Sensory regions are still clearly ahead of the leg arcas; evidently 11 leg 
areas do not catch up till 3 years at the earliest. The hippocampal an 
cingulate gyri are developed to about the same degree as the sien 
frontal lobe, but the insula is still less mature than mu part E the frontal, 
and brings r amongst these divisions of the cortex. p 
It is eae 01 on myelination by Yakovlev and his 
Colleagues that the brain goes on developing in the same See 
fashion at least till adolescence and perhaps into adult life. ui prt ol 
nerve fibres is only one sign of maturity, and fibres can 10 ga T 
Sometimes do conduct impulses before they are ET . Bu 
information from myelin studies agrees with Conel's information on 


Some sign of myelination, though in a great number, of course, the process 1 
Complete, It should be remembered here that myelination of a fibre is not er ed 
essential to its function and fibres can conduct impulses before they have gemin i M 
Myelin sheaths; however, it is clear that in general the beginning of myelinization and the 


beginning of function do take place at approximately the same time. 
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nerve cell appearances where the two overlap. As a rule the fibres 
carrying impulses to specific cortical areas myelinate at the same time as 
those carrying impulses away from these areas to the periphery: thus 


maturation occurs in arcs or functional units rather than in geographical 
areas. 


A number of tracts have not completed their myelination even three or 
four years after birth. The fibres which link the cerebellum to the cerebral 
cortex and which are necessary to the fine control of voluntary movement 
only begin to myelinate after birth, and do not have their full complement 
of myelin till about age 4. The reticular formation, a part of the brain 
especially developed in primates and man and concerned with the 
maintenance of attention and consciousness, continues to myelinate at 
least until puberty and perhaps beyond. Myelination is similarly pro- 
longed in parts of the forebrain near the midline. Yakovlev suggests that 


this is related to the protracted development of behavioural patterns 


concerned with metabolic and hormonal activities during reproductive 
life. 


Throughout brain 
function is closel 


begin to myelinate as early as 
e the process very gradually, 
ntrast, the fibres of the light- 
n to myelinate only just before 
ry rapidly. Yakovlev points out 
oning of maternal viscera are the 
gravity sensation. They are evi- 
el; but at a sub-cortical one the 


ates slowly, in a tempo 
ge. Rabinowicz’s data on 


In short, there is plent 
when structures mature, and no 
that the truth of this gener; 
On the contrary, 
intellectual abiliti 


tions appear 


nol n to suppose 
alization suddenly ceases at age 2, or 3, or 13. 
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certain structures is complete. These structures must be units of organiza- 
d through areas of the cerebral cortex, rather than local 
Their maturation is probably signified both by 
n of some cells and fibres remote from the 
ase in connectivity. The latter must 
he child gets older, since the actual 


increase in volume of the brain gets less and less. But dendrites, even 
millions of them, occupy little space, and very considerable increases in 
connectivity could occur within the limits of a total weight increase. of a 


few per cent. 
The stages of mental functioning described by Piaget and Inhelder and 
heir word ‘structure’ to 


the emergence of mental abilities (to avoid using t 
denote the substratum beneath the ability) have all the characteristics of 
developing brain or bodily structures (see Piaget, Discussions on Child 
Development, Vol. IV, pp.11-116). The stages follow in a sequence; which 
may be advanced or delayed as a whole but not altered, just as in the case 
ofa wrist bone or a cortical primary area. Stage 2 includes the character- 


istics of Stage 1, which is equally like wrist or cortex. The higher stage 


involves also ‘integration’ of previous stages with the emergence of 
Possibilities of function at a more complex and developed level; this also 
applies to cortical maturation and to the development of neuromuscular 
mechanisms. There seems every reason to suppose that Piaget’s successive 


Stages depend on progressive maturation or at least organization of the 
cortex. Environmental stimulation may or may not be 


necessary to create 
the required cell assemblies (see on). For the cognitive stages to emerge 
brain maturation is probably necessary; but not, of course, sufficient. 
Without at least some degree of social stimulus the latent abilities may 
never be exercised. As Inhelder and Piaget (1958, p.336) themselves put 
it: "The appearance of formal thought (at adolescence). - - isa manifesta- 
tion of cerebral transformation due to the maturation of the nervous 
System . . . (But) the maturation of the nervous system can do no more 
than determine the totality of possibilities and impossibilities ata given 
Stage. A particular social environment remains indispensable for the 
realization of these possibilities. It follows that their realization can be 
accelerated or retarded as a function of cultural and educational condi- 
tions.“ 

In the emotional development of the child no such clear-cut scheme of 
development stages exists, though several attempts to delineate some- 
thing more or less similar have been made (e. g., Erikson, Discussions on 
Child Development, Vol. III, p. 169). Here again maturation of the cortex 
must assuredly play a large role in permitting the passage from one 9215 of 

ehaviour to another. The psychosexual behaviour of the 6-year-old boy 
With precocious puberty and fully adult secretion of sex bomen 
described on p. 40, provides one example of this. But our knowledge in 
this field is practically non-existent and we must await the results of future 


research. 


tion widesprea 
areas like the motor area. 
increasing size and myelinatio 
primary centres and by an incre: 
predominate more and more as t 
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Hemispheric specialization 
The two hemispheres of the human brain are not simply mirror images 
of each other. Some tasks are predominantly done by one side, some 
predominantly by the other. In processing of language (both in the sense 
of reception and of production) the left hemisphere is the dominant one, 
apparently from an early age. In processing of spatial information, either 
visual or tactile, the right hemisphere plays the major part. Recently 
Witelson (1976) has found evidence ofa sex difference in the genesis of this 
second laterality. Boys from at least age 6 (the lowest age tested) process 
tactile spatial information better in the right hemisphere; girls process 
equally well in both sides at least till 13 (the highest age tested). The 
average of the two sides was the same for both sexes. This work needs 
confirmation and extension, but may be of considerable importance in 
demonstrating a pre-pubertal sex difference in brain function, in the sense 
of one sex specializing carlier than the other. Boys have long been known 


perhaps including the higher 
) with the development of brain 
; Which comes first, which causes the other? A 


a clear one: maturation occurs 


fi rinsic developmen: 
practice steps (see Weiss, 1950, p.28). Lorenz 
ment, Vol. I, p. 52) has described asimilar maturation offlying movements 
pigeons were kept in cages whi e 


rence of incipient flying movements ( 


situation, since these birds are naturally cave-breeders). Pigeons of the 
same brood reared without this restriction begin to fly at a certain time, 
but at first fly only toa perch a short Way up, then the next day higher, the 
day after higher still and so on, till after some days the full ceiling, 


cli >» Is achieved. One might think the 
pigeons were practising or learning flyi 


for the restrained birds, if released on t 
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circle as do the others, their flying ability complete. 

In man also the process of maturation is unaffected, so far as we are 
aware, by exercise of the centres concerned. Premature babies, for 
example (excluding those born prematurely by reason of some defect), 
become able to stand and to walk no sooner for being longer exposed to 
the stimuli of the outside environment. Calculated from birth, they reach 
these milestones later than babies born at term, but calculated more 
correctly from fertilization, they reach them at just the same time 
(Douglas, 1956). Micturition in man hasmuch in common with the flying 
response in pigeons, from a maturational and experimental point of view. 
In identical twins early training of one child to the pot produced no 
earlier achievement of dryness than occurred in the co-twin subjected to 
little or no training (McGraw, 1943, p. 123). M. 

This is not to say by any means that maturation of the brain is 
unaffected by any outside conditions. The outside conditions involved, 
however, seem likely to be general ones, such as malnutrition or the 
presence of toxic substances. Conel remarks that at all ages some infants’ 
brains were more myelinated than others, and this was general over the 
whole cortex and not particular to one area. Evidently individuals vary in 
the rate at which they lay down myelin, just as they vary in the rate at 
which they lay down calcium in the bones ofthe wrist. Conel also remarks 
that several of the infants with the least myelin for their age had a 
malnourished appearance. To what extent malnutrition can retard brain 
maturation in man is the subject of much current debate, some of it 
heated (see Chapter 6). In rats both malnutrition and lack of thyroid 


hormone cause delayed maturation of the brain and delayed neuromus- 


cular functioning (Eayrs and Horn, 1955; Eayrs and Lishman, 1955). 
Lack of thyroid hormone certainly does in man, as evidenced by cretins. 
It would be interesting to know if the brains of girls were more mature 
than those of boys at birth and indeed throughout growth, as are their 
skeletal systems. But data on this are lacking. At birth they are more 
advanced in activities leading to creeping, sitting and walking, n 0 
five months boys have drawn level (Campbell and Weech, ee n 
average, girls acquire control of their bladders earlier than boys and their 
later motor development is said also to be e vance, as 
instanced by such things as the ability to tie bows or h 

If — and 1 sh are without effect, then, on at least n 
simple aspects of brain growth and development, have they any el we 
all on brain structure? Are the effects of learning represente only by 
Physiological adjustments—reverberating nerve circuits, 1 usa 
erns, and so forth? Can learning during the growing Period t 1 
influence the brain's development in structure? Perhaps gon utwi bsc 
qualification that earlier ages ma} be more plastic than later ones, os 
that the distinction between the sort of structural change we areno 
discussing and reverberating circuits and domain patterns may 5e a 


i is simi of the neural basis of 
meaningless one. The problem 15 similar to that 


82 EDUCATION AND PHYSICAL GROWTH 
memory, which equally admits no positive answer at present. 

J.Z. owns (in Weiss, 1950, p. 103) and others have suggested that the 
size of a nerve cell is partly determined by the amount of stimulation 
falling on its dendritic field. The motor cells serving muscles with few 
sensory endings leading back to their dendrites are smaller than cells 


most durable (see Sholl, 1956, p. 82). 
essentially similar view is Hebb (1949) 


; È ions of columns or slabs 
of cells arranged with crystal ity, each column being a cellular 


from retina to cortex. The fi 
impulses are taken up by a sec 


I ond set ofneuro 
visual cortex. Now, in the rh 


esus monkey, thi 


ENT OF THE BRAIN 83 


GROWTH AND DEVELOP 
are all generated within the space ofa few days during fetal life, and Rakic 
has shown that at first they are not separated into their distinct layers. 
The fibres from the left and right retinae arrive, and to begin with albis 
confusion, fibres from one side being diffusely intermingled with fibres 
from the other. Gradually the ordered chess-board pattern emerges, with 
clusters of fibres from one side alternating with clusters from the other. 
Experiments in other species have led to the belief that two sets of endings 
terminating on one neuron must somehow exchange information as to 
their precise place of origin. On this information depends theretention or 
loss of the endings. It is not too difficult to imagine how this might happen 
in an animal subjected to visual experience during this time; if two 
terminations were often activated simultaneously (because they repre- 
sented corresponding parts of the retinae) they would persist; if not, one 
would die or at least become inactivated. It is more difficult to understand 
how this could occur in the darkened world of the embryo. Hubel and 
Wiesel at Harvard have shown that in the monkey the whole elaborate 
structure of the visual system is complete before birth. However, covering 
one eye in the visual cortex from birth onwards results in a diminution of 
the number of cell terminations subserving the covered side and an 
enlargement of the clusters of terminations from the other side. If the eye 
is covered for a year no recovery is possible. It seems that nerve cells, like 
muscles, atrophy from disuse. 

In the cat, much of the architecture is complete before the eyes are 
opened, but Blakemore and others at Cambridge University have 
demonstrated that the cell connections required for precise binocularity 
Or stereopsis of vision need the stimulus of visual experience. They have 
also shown that a kitten brought up in a world consisting exclusively of 
vertical stripes develops many more cortical cells which analyse this 
dimension of shape than cells which analyse the horizontal dimension 
(whereas normally both are present equally). 

Furthermore, it seems that during development some axons form 
transient connections with a whole series of cells before establishing their 
Stable adult contacts. In toads, for example, the eye moves its position 
relative to the head during growth, and in order to register an image scen 
by the two eyes onto the same area ofthe brain as the eye grows, aseries of 
Cell contacts are successively made and broken. In addition there is 
evidence in adult mammals that axons entering the spinal cord from the 
Periphery make a much wider series of connections in the spinal cord than 
are illustrated in the anatomical textbooks. These e seem 
normally to be suppressed; they remain, in Merrill and Walls’ phrase, as 
ghosts of the cells’ childhood’. The conditions under w. 


hich they may be 

activated again are not clear. ; 
Mark, of the Australian National University, whose book Memory and 
f the field, sums up the new 


Nerve Cell Connections is a masterly exposition o 
h,an overabundance of 
s and fixing the final patterns by 


view thus: "The principle of supplying by growt 
nerve cells or synaptic connection 
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discarding many of them seems to show up often in the development of the 
H E. 3 s cd 
nervous system, especially in the fine details of connection formation. 


Dendrites seem no longer such static processes; perhaps even in the adult 
they may be built and broken. 


Whatever the truth or falsity of Hebb's notion that use actually alters 
the structure of cell processes, there is no doubt that in the brain 
associations of nerve cells, diffuse in location but linked in function, are 


built up progressively during the course of growth. These cell assemblies 
are thought of as having relative stabilit 


tive of size or colour, is 
he cortex is virtually non- 
he months that follow cell 


nt of reasoning, as Lorenz and 
velopment, Vol. IV, p.106). Neuro- 
may develop in the same way. 


troencephalogram (EEG). The EEG 
in under a variety of 
fixed to the scalp 


» for example, can often 


be ac if the 

produce abnormal waves, curately located if they 
Again, the waves produced 

Mid are of a very vari imple 

inspection of an EEG record, even b ry ed nature, and simp 
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whether in fact the complex record is produced by a summation of waves 
of these different frequencies; it need not be, since the analysis is by no 
means unique. However, it provides a method for classifying the records 
accurately, if nothing else. 

At birth the waves recorded are large in amplitude and low in 
frequency, mostly below 7 cycles/second. This is called delta activity. As 
the child gets older, spends longer periods awake and pays more attention 
to his surroundings these slow rhythms become more intermittent, being 
increasingly replaced by waves smaller in amplitude and faster in 
frequency, the alpha rhythm. By age 5 the alpha rhythm predominates 
most of the time. Higher frequency waves appear more and more, shifting 
the average rate gradually upwards from about 8 cycles/second at age 6 
until the adult average of about 9!/, cycles/second is reached some time 
around 11 to 13. Girls differ slightly from boys in their frequency 
spectrum, a distinction which may arise towards adolescence, although 
this is not certain (see Tanner, 1962). ‘ 

The alpha rhythm has been characterized as accompanying à ‘search 
for pattern’ (Grey Walter in Discussions on Child Development, Vol. I, p. 140) 
and its development obviously does relate to the maturing of the brain 
and the development of perceptual and cognitive capacities. But more 
than this one can scarcely say at present. Well-controlled longitudinal 
EEG studies on children, using modern methods of recording and 
stimulation by lights and other devices to test the dynamic response 
rather than the resting state, are conspicuous by their absence. 

The accepted picture of physiological development of the brain (see 
e.g. Hebb, 1949, p. 124) is one wherein at first unstimulated neurons, 
probably grouped in chains or pools, fire spontancously as metabolic 
States build up to and pass a threshold. The big slow waves of the delta 
thythm probably reflect this. But as the cells become stimulated their 
Spontaneous discharge becomes a rarer and rarer occurrence; they are 
brought under afferent, that is to say environmental, control. Inititally 
this control is exerted over the sensory areas; but it is extended gradually 
into the association areas until they, too, come under environmental 
control. This is regarded by Hebb as the stage of primary learning. The 
larger size of association areas relative to primary sensory areas in the 

uman brain may explain the slowness of initial learning in man as 
Compared with, say, the rat, and may be one of the most de 
developments permitted by the great prolongation of childhood in the 


human. 


Individu iffi in brain maturation and the IQ, f 
al differences in bra r in the rates of maturation of the 


Large individual differences occur in s 

Skeleton, in the growth to maturity in height, 110 m ean pee 1 1 55 of 
a i thing. It would be quite as onis 

Powter waid a e ; f the brain, and we have 


they did not equally occur in the development o 8 j 
every reason = mies that they do. The differences in overall myelina- 
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udy children, given in Fig. 28, is 
onstructed to date. Its shape should 
for various organs and tissues of the 
hat the test intelligence 
f brain growth. It rises at first less 
ry learning it perhaps should— 
follows the shape of the brain curve. 

3 a deficiency inherent 
. 36). These tests fail 
ility. The distinction 
in Fig. 29 from 
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anal curves of intelligence test score ( 

ollowed Jo; means and standard deviations of Wechsle 
ngitudinally from birth to age 25. (Redraw! 


Sam 
Du of the Berkeley Growth St 
y the most satisfactory curve © 


€ com i 
pared with the distance curves 
it will be seen t 


ut : 
e ies its shape closely J 
in 5 measures of maturity in 
to differe -day intelligence tests was men 
may be ntiate between advancement an 
ayley's lon by reference to the three curves re 
Points hi ongitudinal data. Here individual A scores SO! 
e igher than B from age 9 onwards; but from 4 to 9 he scores less. 
to pre iie the shape of the curves would have inclined one even at 18 
and th ict that the 9 to 18 difference arose largely from A sadvancement, 
old on at the final scores might well bea good deal closer than the 18-year- 
ad a Such turns out to be the case, at 25. Individual C, on the other 
uei ad a lower IQ at all ages than Aand B; his backwardness’ was not 
retardation, unless we quite unrealistically assume all low IOs to 
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represent undevelopedness, but to an inherently less complex system of 
neurons than A and B possessed. 

Individual differences in test intelligence development are shown also 
in the longitudinal data of Stanford-Binet tests given to children from 3 to 
12 at the Fels Research Insitute, reported by Sontag, Baker and Nelson 
(1958). In Fig. 30 the IOs of four children are plotted. As the IQ 
represents the score on the intelligence test standardized for age level, the 


P 


. O. (TERMAN- MERRILL) 
: 


rman-Merrill) of four chi 
Tepresent approximate] 
ata from Sontag, 


Fig. 30. Growth curves of IO (Te: 
from age 3 to 12. Children A nd B 


ldren followed longitudinally 
IQ in the 140 children studied. D. 


ly the maximum gain and loss in 
Baker and Nelson (1958) 


in fact some children consistently 
This is an over-simplification: owi 
each age, slight variation 


children developing at the same rate would have IOs describing straight parallel lines. 
Deviation IQs are reached, essentially, i 

given and converting this back into an IO by making the 50th centile IO 100 and the 2.5th 
and 97.5th IQs 70 and 130 respectively, 8 
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increase their IQ. over all or most of this age range (A); some 
consistently decrease (B); some increase and then fall back again (C); and 
most stay fairly constant (D). (The reader should be warned that A and B 
represent practically the extreme gain and fall in this group of 140; 
changes of this magnitude are unusual.) Some of these changes in IQ are 
due, no doubt, to environmental changes, parental pressures, and such 
like. Some of the trends are probably due to some children having a 
greater need for competitive striving to master their environment than 
others; this is the explanation of the long-term trends most favoured by 
the authors. But (even though each point represents a smoothed 3-point 
moving average) the trends shown in the curves seem too regular all to be 
explained in this way. Part of the cause must certainly be differences in 
rate of development of mental ability, correlated with differences in rate 
of development of the brain itself. 


CHAPTER SIX 


Interaction of Hereditary and Environmental 
Factors in Controlling Growth 


Growth is a product of the continuous and complex interaction of 
heredity and environment. Modern biology has no use for simplistic 
notions, and statements such as ‘height is an inherited characteristic' or 
‘intelligence is the product of social forces’ (or vice versa) are crudely 


misleading. What is inherited is the DNA of the genes. Everything else is 
developed. 


In modern genetics it is at 
expression firstly on the int 


certain genes, a 
non-additive. (A critica 


environment, the more the genes h 


; à whole social philoso 
genotype: Therefore, for optimal development (optimal, that is, for the 
individual, and his environment considered individualistically) everyone 


should have a different environment. This is ofcourse impossible; but one 


an 
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may seek either to optimize the interaction or to minimize it. In relation 
to cattle and other domestic animals we minimize the variation in both 
genotype and environment, aiming at a uniform product of maximal 
usefulness to ourselves. Such a strategy is quite foreign to successful 
evolution, and is fraught with the greatest danger. Should ecological 
circumstances change, there will be no reserve of genotypes more suited to 
the new circumstances, no way forward and no way back. The true 
patrimony of a species is its genotypic variation. 

So much for general principles. It is DNA, not stature, nor blue eyes nor 
even blood group A that is inherited. The sequence in the cell goes 


DNA-—RNA- Amino Acid assembly protein. 

o influence other cells in building a 
with others in the embryo and fetus; 
onment; the child interacts with 


The protein escapes from the cell t 
tissue or organ; the organ interacts 


the fetus interacts with the uterine envir 
the complex and changing environment of the adult-created and self- 


created world. If we talk, simply; about cellular proteins, the steps from 
genotype to character are smalland well protected. In everyday language 
one may certainly say that the blood group A protein is inherited. But 
beyond this the going is not so simple. It isa long way from the possession 
of certain genes to the development of a height of two metres, say. For 
such a character the only valid statement is thus: ‘X per cent of the 
variation in the height of young adults brought up in the circumstances of 
comfortably-off urban homes in the temperate climate of central Holland 
in the 1960s is due to genotypic variation’. For similar young adults 
brought up in Saharan African villages X would be less, for the environ- 
ment would intervene more decisively. 

Genetical factors, however, are clearly of immense importance in the 
control of growth and they will be discussed first (see Tanner, 1960). The 
effects of race and climate and season of the year will then be given, and 
lastly the effects of nutrition, illness, exercise, and psychological distur- 


bance. 


Genetics of size, shape and tempo of growth ; 
Factors affecting the rate of tempo of growth must be considered 
Separately from factors affecting the size, shape and body composition of 


the child. The genetical control of tempo seems to be independent of the 
genetical control of final adult size, and, toa large extent, of final shape. 
Equally, environmentally produced changes in tempo do not necessarily 
affect final size or shape- Indeed, size and shape themselves seem to be 
Separately controlled, both by genetical and by environmental factors. 
The gentical control of shape is much more rigorous than that of size, 
presumably because shape represents chiefly the number of cells in 
particular places, while size represents more the size of the various cells. 
The number of cells is fixed early, in the relative security of the uterus; the 
size of the cells continues to alter during much of childhood and in some 


instances, such as the fat cell, throughout life. 
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Monozygotic twins, who have the same genotype, usually resemble 
each other very closely indeed when brought up under similar circum- 
stances. Table 2 shows the average differences in length or height from 
birth to 4 years between pairs of monozygotic and of dizygotic same-sexed 
twins, from the magnificent data of Wilson (1976). Dizygotic same-sexed 
twins resemble each other genetically no more closely than brothers or 
sisters, since they arise each from a different fertilized ovum. At birth the 
monozygotic pairs were actually less alike than the dizygotic, but this 
situation rapidly changed. The increasingly close similarity of the values 
in monozygotic twins reflects size, shape and tempo combined. The 
difference between pairs at birth is probably partly due to asymmetical 
division of theoriginal ovum, one twin getting just a little more cytoplasm 
than the other, and partly to their different positions in an overcrowded 
uterus. The twin who is smaller at birth, by however little, usually 


remains smaller throughout life. On average monozygotic twins are 
slightly smaller than singleton children. 


The degree to which height is controlled by genotype when environ- 
mental circumstances are 


adequate is reflected in the variation within 


Height is generally said to be controlled by many genes, each of small 
effect. This is because istri i i 


y, there is no tendency for daughters to 
he four correlation 


tions for bi-iliac diameter (hip width) closely resemble those for height. 
But the biacromial diameter (shoulder 


Ms especially low, and in nose 

length brothers resemble each other not at all. 
not entirely straightforward 
Measurements much affected by environment may low: pa eee 
mer very much. Ifa measurement 
hich one or more shows dominance 
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TABLE 2 
Mean differences between lengths of monozygotic 
twin pairs (n 140 pairs) and same-sexed dizygotic 
twin pairs (n 90 pairs) from birth to 4 years, and 
within-pair correlation coefficients. (From Wilson, 
1976.) 


Mean Difference in length (cm) Correlation in length 
MZ pairs DZ pairs MZ pairs DZ pairs 


Birth 1.8 1.6 0.58 0.82 
3 months 1.4 L6 0.75 0.72 
6 months 1.3 1.9 0.78 0.65 
l year 1.3 1.8 0.85 0.69 
2 years Ll 24 0.89 0.58 
3 years 1.1 2.9 0.92 0.55 
4 years 11 3.2 0.94 0.60 


he same effect asa double dose) the correlations 


decrease. The presence of sex-linked genes (that is genes on the X 
chromosome) causes the sister-sister correlation to exceed the brother- 
brother correlation; the father-daughter to exceed the father-son; and 
the mother-son to exceed the mother-daughter. No example of this 
appears in the table. What is clear is that different measurements show 


different degrees and patterns of familial resemblance. These differences 


cannot be understood until the development of each measurement is 
its growth are clarified. 


studied and the physiological factors controlling i 

Not all genes are active at birth. Some are not switched on till later, and 
the products of others can express themselves only in the physiological 
Surroundings provided by the later years of growth. Some genes only 
Produce their effect in one sex, usually because the gene product needs the 
Co-operation of either one or the other hormonal environment In order to 
exert its action. These genes are called ‘sex-limited’. The effect may not be 
all-or-none: the type of central baldness that is quite common in men 
depends on a gene which in single dose causes an effect in males only. In 
double dose, which rarely occurs, it produces a similar effect in women. 

Sex-limited genes are quite distinct from genes that are sex-linked. The 
Sex-linked genes produce an effect that is not limited to one sex but affects 
alternately males and females in successive generations (so-called ‘criss- 


cross inheritance’). h 

Genes whose expression is age-limited may well be r 
fact, pointed out in Chapter 4, that children grow to resemble their 
Parents more as they grow older, relatively as well as absolutely. In fact, 
the curve for the correlation of parents’ height with the height of their 
children at increasing ages is ver) similar to that of a child's height with 
his own height when adult, shown in Fig. 23 (p. 64). The correlation is 


(that isa single dose gives t 


responsible for the 
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s sharply to about 3 years, by which time 
nes’ contribution to the child's growth is 


been reported for the parent-child correla- 
and it may have the same 


very low at birth and rise 
evidently much of the ge 
manifest. A similar curve has 
tions of intelligence tests (Honzik 1957) 
explanation. | 


Tempo of growth 
Dee Lair control of tempo is manifested most simply in the 
pom "puru: age at menarche.! Identical twin sisters, with the same 
Pit 3 menarche an average of 2 months apart. Non-identical twin 
ia the same proportion of different genes as ordinary sisters, 
2 5 an average of about 12 months apart. The sister-sister 
onal Si -daughter correlation coefficients are both about 0.4, which is 
du s 5 y below the same correlations for height. These are indications 
livi igh proportion of the variability ofage at menarche in populations 
ng under West European con 


Furth : ditions is due to genetical causes. 
er, the inheritance of age at menarche is probably transmitted as 
CM. HEIGHT 


CM. — HEIGHT 0 


. FT 
E Ws EL: 38 06 Ho Saat aT Si A MÀ 
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AGE, YEARS 


Fi 
PE Growth in height of three s 
of F9 against years before or years aft 
an and F4 when equated for developm' 
ner, Human Growth, Pergamon Press.) 


isters. Left, height plotted against chronological age; 
er maximum velocity. Note the coincidence of curves 
ental age, right. Data from Ford (1958). (From 


narche is used. This is partly because itisa 
d partly because valid means and standard 
the cross-sectional method of simply 


1 
F " 
Or many studies on growth rate, age at me 
rity of girls an 


defini 
pese landmark in the great majo 
aH ons can be obtained for different groups by 
Sking all the girls between the ages of g and 17, whether or not they have yet menstruated. 


This avoids the difficulty of depending on memory. Because age at menarche is distributed 


In " 
à population in a Gaussian or near-Gaussian curve (except for a very few excessively 
a probit or logit transformation can be made 


Tet cs ¢ 

on re individuals probably pathological) im 

ata of the have/have-not menstruated variety and the means and standard deviations 
us estimated. 
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much by the father as by the mother, and is due not toa single gene but to 
many genes each of small effect. This is thesame pattern of inheritance as 
that shown by height and other body measurements. 

This genetical control evidently operates throughout the whole process 
of growth and the conclusions regarding age at menarche apply equally 
to rate of development in general. Skeletal age, for example, shows a very 
close resemblance in identical twins at all ages. In fact, under reasonable 
environmental circumstances, the genetical control extends down to 
many of the details of the velocity and acceleration curves. This is 
demonstrated by the records of three sisters given in Fig. 31. The heights 
are plotted on the left against chronological age and on the right against 
developmental age as represented by years before and after maximum 
velocity of adolescent growth. Two of the sisters have curves which are 


almost perfectly superimposable one on the other except that they areon 
a different time base, one bei: 


TE ng almost a year in advance. These two 
170 H 
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Fig. 32A. Heights of European girls, girls of African origi. living i 1 USA) 
and well-off Chinese girls in Hong Kong. 33 
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B differ radically therefore in one parameter of their growth curve, 
= Win in m other parameters. This is additional evidence also that 
s controlling rate of growth are wholly or partly inde endent of th 
controlling final size achieved. 3 j E 

The time of eruption of the teeth, both deciduous and permanent, is 
genetically controlled, and there is evidence that the order in which teeth 
1 and erupt is influenced by heredity also. This implies the existence 
of symmetrical factors acting locally on one or à few teeth only, an 
example of local growth gradients discussed above, which in the majority 


of cases are evidently genetically determined. 

We have already seen that not all ge 
express themselves only in the physiological su 
later years of growth. It is very pro 


timing of the adolescent spurt is ge 
mounts of androgenic 


nes are active at birth. Some 
rroundings provided in the 
bable that the magnitude as well as the 
netically controlled, perhaps by genes 


causing secretion of large or small a: hormones. Such 
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(US 32B. Heights of European boys, 
SA), and well-off Chinese boys in Hong Kong. 


98 EDUCATION AND PHYSICAL GROWTH 


genes may have excited no effect before the moment when the pituitary 
gland signals the beginning of androgen secretion. 


Differences between races . 
Fig. 32 shows the height curves of London children, well-off Chinese 

children in Hong Kong and Afro-Americans from Washington, DC, who, 

though from a relatively low-income group in the United States, enjoyed 


a more favourable environment than any African group studied in large 
numbers in Africa (the Nige 


however, see page 106). Th 
almost identical curves for 


frequently quoted finding, due to Professor 
versity, is that Japanese children 


Bodily proportions. The lar; 
growing up in good environ 
height means at successivi 


length (or, equivalendi i 3 a much lower sitting height for 115 
. > equivalently, Onger legs for similar sitt; x d the 
Australian Aboriginals have still E milar sitting height) an 


i pr legs than the Africans. These 
emal . 
An equally characteristic differencet E T 
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ys of different population groups. Note 


Fi " 
ig. 33. Relation of sitting height to leg length in bo 
lian Aborigines. 


long le, 9. 
ng legs of Nigerians, and still longer legs of Austral 
These differences confer 


heavi " d 4 
eavier bones per unit weight, at least in males. 
sports, with results that 


Miror advantages and disadvantages in certain 1 
el € seen in Olympic records. Africans have an advantage in many 
events, especially the high hurdles, and the Asiatics an advantage in 
Bymnastics and weight-lifting. 
P eun of growth. The African newborn is ahead of the European in 
onl c maturity and motor development. He maintains this advance 
os or some 2 or 3 years in most areas of Africa, but this is simply because 

ritional disadvantage superven ica and Europe the African 


Sta: i i i 
ys in advance in bone age and a 


su Iso in dental maturity. Ina nationwide 
rvey of the United States, in which a true proportionate sampling of the 
d. the median age 


Whole population was attempted, sof menarche were 12.5 
Years for African-descended, and 12.8 years for European-descended. 


if ell-off Asiatic groups have as fast a tempo as Africans, in later childhood 
not in the early years. Mean age of menarche in well-off Hong Kong 


irls was found by Francis Chang and his associates to be 12.5 years. In 
apan in the nineteen-sixties a large sample of girls from several urban 


a 
Teas gave a mean value of 12.9 years. 


es. In Amer: 


QUSS 
Y atic and seasonal effects on growth f : 
t could be argued that the differences in growth that exist between 


alpen Deans, ‘Africans and Asiatics might be due to the direct effects of 
A on the growing child, were it not chat we are able to compare 
escendants of Africans and Europeans living 1n the same area. The 

ifferences in growth have indeed been brought about in response to the 
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different ecological conditions in which each group evolved, but they 
arose by selection over many generations rather than by the immediate 
effect on individual children. The long limbs ofthe African enable him to 
lose more heat per unit volume than the European, and the thick-set body 
and short limbs of the Northern Asiatic are similarly adaptive in os 
regions. There is, in fact, quite aclose correlation between the linearity o 

peoples, as judged by their weight per unit height as adults, and the 


vived to breed more frequently than others, 

Only one direct effect of climate on 
high altitude of the Peruvian altiplano (4000 metres 
than normal chest circumference and big 
growing there compared with Quechua 

One alleged climatic effect has achie 
teenth-century medical text-books state 
girls living in the tropics and this inform 


) induces a larger 
ger lungs in Quechua children 
on the sea coast. 

ved a certain notoriety; nine- 
d that menarche was earlier in 


ne parentage growing up in the 
me for the population from which 
f menarche in different populations 


ormal ti 


they are drawn. A list of median ageso 


is given in Table 4, 
Season of the year, however. 
of growth, at least į 


May. A small percentage of child 
months. There is, however 
nourished children show a smalle 
the less well-nourished, 


which seasonal peaking occurs at all. Insom 
seasonal fluctuations occur, as illustrated in 
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TABLE 4 
Median ages of menarche (years) in various popula- 
tion groups. (All data refer to period between 1960 
and 1975: status quo method, with medians calcu- 
lated by probits or logits.) Sources of data will be 
found in Eveleth and Tanner (1976) and Oduntan et 


al. (1976). 

Europe Near East and India 
Oslo 13.2 Bagdad (well-off) 13.6 
Stockholm 13.1 Istanbul (well-off) 12.3 
Helsinki 13.2 Tel Aviv 13.2 
Copenhagen 13.2 Iran (urban) 13.3 
Netherlands 13.4 Tunis (well-off) 19:4 
NE England 13.4 Madras (urban) 12.8 
London 13.0 Madras (rural) 14.2 
Belgium 13.0 
Paris 13.2 Asiatics 
Zurich 13.1 Burma 13.2 
Moscow 13.0 Singapore (average) 12.7 

arsaw 13.0 Hong Kong (well-off) 12.5 
Budapest 12.8 Japan (urban) 12.9 
Romania (urban) 13.3 Mexico 12.8 
Carrara, Italy 12.6 Yucatan (well-off) 12.5 
Naples (rural) 12.5 Eskimo 13.8 
European-descended Africans 
Monteer 13.1 1 (well-off) . 13.4 
USA, allareas 12.8 Nigeria (Ibadan; university- 
Sydney 13.0 educated parents) 13. 
New Zealand 13.0 South Africa (urban) 14.9 
Pacific African-descended 
New Zealand (Maori) 127 USA, all areas 19 
New Guinea (Bundi) 18.0 Cuba, all areas "d 
New Guinea (Megiar) 15.5 Martinique : 


istently greater in the February- 
xad em But in other children 
Probably the effect ischiefly due to 
individual differences caused by 


twins whose height velocity was © 
\ugust periods than in the August- 
little sign of any seasonal effect is med 
Variations in hormone secretion, wit Tere : 

i Wi T ngon the 
differences in endocrine reactivity. Le cut ero 91 5 qms 
ye, is involved, for Marshall and Swan wn t 
blind children failed to synchronize their growth-rate variatio wif nihe 
time of year, though the variations themselves occurre 


degree as in sighted children. 


102 EDUCATION AND PHYSICAL GROWTH 


2-9 PAT 


yess 
65 — 


160 — 


155 — 


150 — 


145 — 


STATURE CM. 


Mor 


135 


UAW NI 


4 
N 
130 - F A 


U 12 13 4 i 
AGE, YEARS 
Fig. 34. Growth in height of identical twin 


i i wth. 
girls, showing seasonal effect on rate of gro 
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Blackwell: Oxford. 


Nutrition 


Malnutrition during childhood delays growth, as has repeatedly been 
shown by the effects of famine associa 
and weights of school children in Stuttgart 
year of age, for the years 1911 to 19 
ages in both me 


conditions greatly improved and this is 
the children who by 1953 h. 


ad at most a 
levels. 
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nd weight. Heights and weights of 
6 upwards, Oberschule) from 1911 


Fig. 35. Effect, of malnutrition on growth in height a 
lar trend and effect of 


Stutt i 15 Volkschule; 15-1 
gart schoolchildren (7-8 to 14-15 Vo! 5 

to 1953, Lines connect points for children of same age, and express secu. 
war conditions. (Data from Howe and Schiller, 1952, and personal commun 


Tanner, Growth at Adolescence, Blackwell: Oxford.) 


ication.) (From 
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times; when they arrive growth takes place unusually fast until the 
genetically-determined growth curve is reached or approached again, 
and then it is subsequently followed. During this ‘catch-up’ phase, 
following supplementation of the diet of children previously malnour- 
ished, height, weight and skeletal maturity are caught up at the same or 
nearly the same rate, so that the final stage is probably little, if at all, 
distinguishable from what it would have been had no short period of 
malnutrition occurred. 

Chronic malnutrition is another matter. Most members of some 
populations, and some members of all populations, grow to be smaller 


adults than they should because of chronic undernourishment during all 
or most of their childhood. 


ndency towards increasing linearity of build, 
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restriction on exploration play and social interaction that follows may be 
a more potent cause of delay in intellectual and emotional development 
than any nutritional effect on the nervous system. 

Protein intake seems less critical than was once thought. A child aged 
1.0 year needs about 1.3 grams of milk protein per kilogram body weight; 
of this seven-eighths is used for maintenance and one-eighth for growth. If 
intake falls below this, growth ceases in 1 to 2 days. In the first six months, 
cm the growth rate is higher, about three-eighths is used for growth. 

he protein/energy ratio in breast milk is about 7.5 per cent in the first 
few weeks, falling to 5 per cent at 2 to 3 months. This seems to be about the 
ratio required for healthy growth in childhood, and it is supplied by the 
majority of foods, including cereals. 

Fig. 36 shows Dr Margaret Jane's (1975) work on the growth in height 


of two groups of boys in Ibadan, Nigeria. One group was drawn from the 
i derable style; the 


professional, -highly educated classes, living in consi 
second from indigent slum-dwellers in the market area of the town. The 
curves have been drawn on British standard charts. The well-off grow 
very similarly to British boys while the 50th centile for the poor is no 
higher than the 10th centile of the British. There is no evidence that the 
two groups differ much in genotype though they certainly differ in other 
things besides nutrition. However, the major cause of the great difference 


in growth curves is certainly nutritional level. 
The question whether undernutrition during fetal life or during the 


first 1 or 2 years after birth necessarily leads toan adult deficit in size or in 
mental function has been frequently and sometimes heatedly discussed. It 
malnutrition in early 


seems that children with severe protein-calorie 
infancy due to malformations or malfunction of the gut (pyloric stenosis, 
cystic fibrosis) make a complete recovery in height after surgical correc- 
tion when brought up in reasonably well-off homes in a developed 
country. In the majority of studies, they had also caught up completely in 
intellectual ability, when assessed at ages 7 to 10 years. 


Evidently much depends on the circumstances after the severe episode 
rs old admitted to hospital in 


of malnutrition is over. Children under 5 yea 

tropical countries with severe malnutrition (kwashiorkor or marasmus) 
have been followed up after leaving hospital. In most such children 
complete equality of height and weight with sibling controls has been 
attained before puberty. In trying to isolate the effects of malnutrition 
from general social effects, siblings are more satisfactory controls than the 
general population, since they suffer some at least of the same environ- 
mental circumstances. dmitted to hospital come 


Naturally, the children a h : 
from poorly-off families where even the siblings are growing relatively 
badly. 


Dr Steven Richardson of the A 
York, sums up the present situation very P- 
hed child and the comparison child 


Where the histories of both the severely malnouris™ 
suggest a similar level of nutrition over their life histories except for the presence or absence 


Ibert Einstein College of Medicine, New 
recisely in two generalizations. 
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disadvantaged, complete catch-up may stil] occur’ (Richardson, 1975): 
A very well-controlled study of the long-term effects of undernutrition 
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during fetal life was made by Stein and Susser and their i 

el al., 1975) of Columbia Gaver. New York. boue E 
1944 and May 1945 the central part of Holland, including the towns of 
Rotterdam, Amsterdam and Leiden, was subjected to a severe war-time 
famine. The official daily ration was 1500 calories and the actual amount 
caten only slightly more than this. Examination of the birth records in 
these three towns by monthly cohorts of birth showed that birth weights 


diminished by 9 per cent in the cohorts who were exposed to the 


undernutrition in the third trimester of pregnancy (that is from 6 to 9 
imesters showed no 


months). Those exposed only in the first or second tri 
birth-weight reduction. Birth length was reduced by 2.5 per cent and 
head circumference by 2.7 per cent in the third trimester cohort. 
Maternal weight was 10 per cent less than the control values ofafter May 


1945. 
At age 19 the males of this group of children were inducted into 


military service. At induction their height was measured and several tests 
of mental ability were administered. In addition the incidence of mild 
and severe mental retardation was ascertained for the relevant cohorts. 
Susser and Stein found that young men who had been undernourished in 
fetal life were no different in height, weight or mental ability than those 
who had not been undernourished. Nor was the incidence of mild or 


severe mental retardation any greater. They searched for differential 
effects of the famine exposure according to social class, family size and 
final conclusion is an impeccable 


birth order, and found none. Their 

summary of the present position: ‘We believe we must accept that poor 
prenatal nutrition cannot be considered a factor in the social distribution of 
mental competence among surviving adults in industrial societies. This is 
not to exclude it as a possible factor in combination with poor postnatal 
nutrition, especially in pre-industrial societies’ (Famine and Human Develop- 
ment, p. 236, their italics). 


Experimental models. A considerable 


animals has been done, designed to t 1 
result many and sometimes strident claims to certain knowledge have 


been made, especially in relation to effects on the highly important and 
emotive subject of brain growth. Such claims should be treated with the 
utmost caution; our real knowledge in this area at the present time is not 


at all great. 
An early difficulty was the naivety of ph 


differences. Much of the early experimental wo 
species whose growth is about as different from m 


find amongst the whole range of mammals. Rats a : 
stage in development than primates, at an age roughly corresponding to 


16 postmenstrual weeks in man. Thus, immediately postnatal undernu- 
trition in the rat corresponds, if to anything in man, to undernutrition of 
the fetus in mid-pregnancy- This does not result from maternal undernu- 
trition (unless at catastrophic levels) but only from pathology of the 


amount of experimental work on 
hrow light on this question. Asa 


ysiologists about species 
rk was done on the rat, a 
an's as it is possible to 
re born at a far earlier 
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placenta, a wholly different situation. Besides this, the rat bears litters, nos 
> : à 

singleton fetuses, its whole endocrine system develops in a very differen 


s $ igur 
way from that of man, and there are enormous differences in behaviou 
and brain function. 


their weight b 
weight at all. 


authors, ‘the ava 


trition, a circumstance clearly en 
such that the advantages of normal morphology are preserved as closely 
as possible. What is sacrificed is size, what is Preserved is shape. The same 
is seen in human malnutrition, 


The results of rehabilitation have not yet been reported in full. Catch- 
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up growth is rapid in both groups, however, and by 22 weeks of 
rehabilitation (1 year of age) limb catch-up was complete in the calorie- 
deficient group and nearly so in the protein-deficient. Though we must 
await the final report, it seems likely that size and shape in the end 
returned to normal. 
These experiments had another and highly instructive side. In real life 
undernutrition of human infants almost invariably occurs in combination 
with social deprivation in conditions of poverty. Hence, when such 
infants are treated in hospital and returned to their families and re-tested 


months or years later it is extremely difficult to know whether any deficit 
in intellectual or emotional functioning is really due to the malnutrition 
l circumstances. Even compar- 


itself or to the effect of the associated socia 
ison with siblings who did not enter the hospital raises the obvious 
problem of whether one child is favoured over another. 
The Harvard investigators tackled this problem by dividing the 
tricted diets each into two 


experimental groups of Cebus infants on res 
sub-groups. One sub-group was reared in partial isolation, that is in a 


Solitary cage within sight and sound of other monkeys; the other sub- 
Broup was housed similarly but had three hours of play every weekday 
with other monkeys in a large play-pen; plus daily human handling. The 
monkey analogues of intelligence and emotional poise in humans are 
perhaps not easy to define; exploratory behaviour was the item chiefly 
Studied, plus motor behaviour, general activity and the occurrence of 
items such as rocking, clutching of the body and frowning, which signify 


emotional disturbance. By t iod of food restric- 


3 he end of the 20-week peri 
tion it was clear that well-fed and socially deprived animals scored about 
the same as ill-fed and socially enriche 


d ones, both sub-groups scoring 
lower in all items than the well-fed, socially enriched. ‘These findings’, 
write the authors, ‘are consistent with many others in showing that the 
behavioural consequences of malnutrition are similar to those of emo- 
tional deprivation. The effect of suffering both conditions is more severe 
than either alone but in an additive rather than an interactive relation- 
ship' (Eliasand Samonds, 1976). The retardation of behavioural develop- 
ment was less than that of growth in body size, though probably little less 
than that of skeletal maturity. 
From a practical point of view the outcome oft 

and of those human experiences which are carefully controlled seem to 
agree in suggesting that events subsequent to a period of malnutrition 
Occurring either in late fetal or early postnatal life exert an overridingly 
important effect on its outcome. The restorative powers are very great, 


provided social circumstances allow them full play. 


t important point needs to be made here. It 
should not be uncritically assumed that bigger means better. Just because 
in temperate, industrialized countries the better-off members of the 
community are larger than the worse-off and tall women have more 


he monkey experiments 


Bigger not better. One las 
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successful reproductive histories than short women, it does not follow that 
the same holds true under other ecological conditions. In the harsh 
environment of the Peruvian Andes, it is the small mothers who have 
more surviving offspring. Small body size may be more adaptive under 
Some types of conditions. In an agricultural peasant economy a small man 
is more efficient than a tall one, requiring to do less work to feed himself. 
Level of nutrition has to be seen as part of the whole ecology, a whole 
philosophy even. Overnutrition is no less lethal than undernutrition, and 
a great deal more prevalent in many parts of the world. Recent evidence 
suggests that overfeeding in the first year or 18 months may be a 
contributory cause of adult Obesity. In industrialized countries and 
increasingly in others too, bottle feeding has taken place of breast feeding 


and this carries with it the risk of excess, both in volume and in 
concentration of foodstuff, 


Illness 


Minor and relatively short illnesses such as 
antibiotic-treated middle ear infection or pn 


quiry reveals that they 
y disorganized homes 
too much trouble. The 
malnutrition than to the effects of the 
Miller, Court, Walton and Knox, 1960) 


slowing down of growth. The mechanism by 
one disorder to another; in a number changes in endocrine balance are 
probably involved and in particular an increase in cortisol secretion from 
the adrenal glands which if sufficient is known to slow down growth. 
When recovery takes place a ‘catch-up’ period occurs, A chronic disease 
may result in a considerable reduction in body size, just as does chronic 

s but. body proportions seem to be largely unaffected, as 


tical twins one with and the other without 
the chronic disease in question. 


which they do so varies from 


enlarged by heavy weight-lifting exercise s 
level when the exercise is stopped (Tann 
suggest that muscular exercise in children 
enlargement. Much more research, and 


oon regress to the pre-existing 
er, 1952) and there is little to 
would cause a lasting muscular 
in particular more critical and 
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adequately designed research, is needed in this field before any conclu- 
sions can really be drawn. A recent multi-author book edited by Rarick 
(1973) provides a useful perspective, even if the authors have varying 
degrees of acuity. 


Psychological disturbance and growth rate 

. "That adverse psychological conditions may cause a degree of retarda- 
tion in growth is a thought that readily comes to mind. Clear-cut 
experiments on this are very hard to find, however, and opinions in this 
field tend to be based more on the wish than the experimental fact. The 
clearly controlled study made by Widdowson (1951) is therefore all the 
more valuable. 

In studying the effect of increased rations on orphanage children living 
on the poor diet available in Germany in 1948 she had the rare 
opportunity of observing the change brought about by replacement of 
one sister-in-charge by another. The design of the experiment was to give 
orphanage Ba food supplement after a six months' control period and to 
compare the growth of the children there with those in orphanage A, 
which was not to be supplemented. As shown in Fig. 37, however, the 
result was just the reverse of what was expected; though the B children 
actually gained more weight than the A children during the first, 
unsupplemented, six months, they gained less during the second six 
months despite actually taking in a measured 20 per cent more calories. 
The reason appeared to be that at precisely the six-month mark a certain 
sister had been transferred from A to become head of B. She ruled the 
children of B with a rod of iron and frequently chose mealtimes to 
administer to individual children public and often unjustified rebukes, 
which upset all present. An exception was the group of eight favourites 
(squares in the figure) whom she brought with her from orphanage A. 
These eight always gained more weight than the others, and on being 
n B gained still faster. The effect on height was less than 


supplemented i v i 
ture. ‘Better’, quotes Widdowson, à 


that on weight, but of the same na 1 
dinner of herbs where love is than a stalled ox and hatred therewith." 
Possibly similar factors may explain in part some of the observations 
made on gains in height and weight in school children during term-time 
as opposed to holidays (though it must be emphasized that the sister's 
treatment of the children was really shocking and constituted a severe 
emotional stress not to be compared with the occasional reprimand; the 
Occasional reprimand to one child may be a severe pressure to gre 
however). In certain day and boarding schools the rate of growth in 


height and weight has been shown to be less during term, and particularly 
mw the went half of term, than in the holidays (Friend, 1935, Allan, 
1937, 1939, Friend and Bransby, 1947). Schools differ in this respect. In 
two out of thiee private boarding schools investigated boys aged 13 to 16 
had term-time gains in height and weight which were only half as much as 
che holiday gains; but in che third school term and holiday gains were 
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Fig. 37. Influence of sister-in-charge S on growth in weight and height of orphanage 
children. Presence of § marked by X plots, increased rations by ==, Orphanage B diet 
supplemented at time indicated by vertical bar, but sister simultaneously transferred to B 
(---) from A Note that magnitude of growth follows presence or absence of sister, 
not amount of rations. Top curves (Q. .. ) are for 8 favourites of sister, transferred with her 


to B from A. Redrawn from Widdowson (1951). (From Tanner, Growth at Adolescence, 
Blackwell: Oxford.) 


equal (Widdowson and McCance, 1944), 
These comparisons seem to be į 
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could be found for the results. Nevertheless, the subject is of potential 
importance and some further careful and more detailed studies— distin- 
guishing bone, muscle and fat growth, for example, instead of lumping 
them all together as body weight —would provide educational authorities 
with valuable data on various aspects of the schools concerned. Such 
relatively small, though not unimportant effects must be distinguished 
from a rare disorder of psychological origin, recently described. Some 
children, under severe stress, actually switch off their secretion of growth 
hormone and present all the symptoms of growth hormone deficiency 
(including relative fatness which distinguishes them from children who 
have simply been undernourished). When the stress is removed the 
secretion of growth hormone resumes again, and a catch-up occurs which 
is indistinguishable from the catch-up following administration of growth 
hormone to a child permanently deficient in it. Such children seem to 
resemble an older form of the ‘battered baby” syndrome in that often only 
one child in a family is affected, whom the parents say is ‘different’ from 


the others. 


Socio-economic class and numbers in the family 

Children from different socio-economic levels differ in average body 
size at all ages, the upper groups being always larger. In most studies 
socio-economic status has been defined according to the father's occupa- 
tion, though in recent years in Great Britain this is becoming increasingly 
irrelevant as an indication of standard of living and child-centredness of 
home, which are probably the operative factors. 

The difference in height between children of the professional and 
managerial classes and those of unskilled labourers is currently about 
3cm at 3 years, rising to 4 or even 5cm at adolescence. (This is 
approximately the equivalent of twenty years of secular trend: see next 
chapter.) In weight the difference is less (from 0.5 to 4 kg in most data), 
since the lower socio-economic class children have a greater weight for 
height, probably as a result of a higher intake of sugar and other 
carbohydrates relative to fat and protein. In the British National Child 
Development Survey, a nationwide sample of children consisting of all 
those born in the first week of March 1958, an overall difference of 3.3 cm 
was found between 7-year-old children of managerial and unskilled 
labouring fathers (Fig. 38). Some of this difference is due toa faster tempo 
of growth in the well-off. But some as Schreider 


(1964) and others have shown. N * 
These differences are compounded by differences in height and tempo 
according to number of siblings in the family (Fig. 38). As one might 

aller than later-born children 


e - hild re somewhat t: 
peo mst boD kan hey have had a period ofbeingan 


with the same number ofsiblings, since t i c 
only child. Thus the effects of being a later-born child (for given age of 
z The more mouths to 


mot ing younger siblings summate. 
Xa pce IE 4 Türen to look after, the slower the children 


feed, it seems, or simply chi 


persists into adult life, 
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Fig. 38. Height of seven-year-old children (sexes combined) according to number of 


children in family and occupation (social class) of father. (Data from National Child 
Development Survey reported by Goldstein, 1971.) 


an areas of Sweden (though not, unfortu- 
nately, in rural ones) no difference accord 


found, either of height at a given age ( 
menarche. In agreement with this, 
father's occupation can now be d 
scripted for military service. Per 
meaningful measure of the classless 
defined in functional rather than rhetorical te. 


CHAPTER SEVEN 


The Secular Trend toward Earlier Maturity 


During approximately the last hundred years in industrialized countries, 
and recently in some developing ones, there has been a striking tendency 
for the time of adolescence to become earlier, and for the whole process of 
owth to speed up. Thus, children born in the 19305, for example, were 
considerably larger at all ages than those born in the 1900s. The change 
scems chiefly or entirely to be one of body size rather than of proportion or 
build. 
The magnitude of this trend is very considerable and quite dwarfs the 
differences between socio-economic classes. In Fig. 39 are plotted the 
heights of Swedish school children measured in 1883, 1938 and 1968 
(actually 1965-71). At all ages from 7 onwards the 1938 children are 
larger than their! 883 counterparts. The size difference amounts to about 
one and a half years' advance, which accords well with the advance in the 
age of menarche recorded over the same secular period (see below). 
Differences between 1938 and 1968 are much less. 

British, Scandinavian and North American data all give secular trends 
of very similar magnitude. The average gain between 1880 and 1950 is 
about 1 cm and 0.5 kg per decade at ages 5 to 7; it increases to about 2 cm 
and 2 kg per decade during adolescence, and decreases to a figure of 


about 1 cm per decade for the fully grown adult. The rather scanty pre- 
school-age data indicate that the trend starts at birth and relative to 
absolute size is probably actually greater between 2 and 5 than subse- 
quently. At least in Britain the trend started a considerable time ago, 
because Roberts, a factory doctor writing in 1876, said, ‘A factory child of 
the present day hs as much as one of 10 years 


at the age of nine years weighs: 1 
did in 1833. . each age has gaine in forty.’ In 1833, the first 


d one year 
relatively large-scale measuremer 


t of children took place to provide 
parliamentary evidence used in discussion of the Factory Acts. At the 
d 10 years averag 


1 . : d 
time working boys age ed 12] cm in height compare 
rs average! 


i 160 cm compared with 
with 140 cm today; those aged 18 yea: d 
175 cm 0275 These differences are actually a good deal larger than the 
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Fig. 39. Secular trend in growth of height —Swedish boys and girls measured in 1883 (Key, 
1885), 1938-39 (Broman et al., 1942) and 1965-71 (Lindgren, 1973). (From Ljung et al., 
1974.) 


differences seen at present between urban slum-dwelling children in the 
underdeveloped countries and the affluent children of the industrialized 
West (see Fig. 40). 

The trend in Canada, the USA, Australia and other countries has been 
similar. Japan shows a particularly dramatic trend. In the industrialized 
countries the trend is now gradually stopping, as may be seen in the 
Swedish data. Amongst American families with sons educated at Har- 
vard University in successive generations the increase in height was 
2.6 cm between the first two generations recorded (mean birthdates 1858 
and 1888), 1.1 cm between the second pair of generations (mean birth- 
dates 1888 and 1918) and nil between the third pair of generations (mean 
birthdates 1918and 1941 ). In poorer sections of the community, however, 
the trend continues (Damon, 1968). 

Better nutrition and generally improved environmental circumstances 
are usually given the credit, and with considerable reason. But in Britain 
the increase has by no means been confined to the less-well-off classes, as 
might be expected ona simple dietary hypothesis. Among the first schools 
to provide statistics on the heights of its pupils was Marlborough College, 
where in 1873 Fergus, the medical officer, and Rodwell, the natural 
science master, measured some 500 boys. Francis Galton reported their 
results (Galton, 1874) to the Royal Anthropological Institute; the height 


of the boys at 16.5 years averaged 65.5 in. Exactly 80 years later, in 1953, 
Marlborough College boys of 16.5 years averaged 69.6 in. in height 
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s 1833-1958 to show secular trend. 1833 factory boys, from 
1847 labouring and non-labouring classes; 1878 


‘Public’ school (upper classes) from Roberts (1874, 1876, 1878), Fergusand Rodwell (1874), 
Galton (1874); 1955 social class I and Il from Birmingham Survey (Clements, unpublished); 
1958 British average from Tanner (19582). (From Tanner, Growth at Adolescence, Blackwell: 
Oxford.) 

(Boyne, 1960), a gain of 4.1 in., or rather more than 4 in./decade. Despite 
the fact that these boys have always been drawn from the relatively well- 
off professional classes, their gain is between two-thirds and three- 
quarters of the gain made by the general population of the same age 
during this time. The trend toward earlier completion of growth and 
greater adult stature continued in the Marlbourgh College records of the 


1940s and 1950s. i : 

During the same period there has been an upward trend in adult height 
but only to the lesser degree of about ] cm/decade since 1880. An 
astonishing series of Norwegian growth data stretching back to 1741 
(Kiil, 1939) indicates little if any increase in mean male height from 1790 
to 1830 and these and other data show a trend of some 0.3cm/decade in 
several count: ies from 1830 to 1880, depending on their situation vis-à-vis 
the progress of the industrial revolution. As Dr van Wieringen of Utrecht 
University has shown in analysing the data on height of Dutch conscripts 


from 1851 to the present; periods of economic setback were associated 


Fig. 40. Height of English boy: 
Cowell, quoted in Bowditch (1877); 


118 EDUCATION AND PHYSICAL GROWTH 


with a stoppage or even a reversal of the secular trend. 

At all times, however, the trend has been much smaller in adults than 
in children. Thus much of the trend in children's height is due to their 
maturing earlier. This is best shown by statistics on age at menarche, 
illustrated in Fig. 41. The earlier data are all based on recollected age and 
are therefore suspect in detail. However, the general trend is plain to see, 
and from 1880 to 1960 it averaged about 0.3 years per decade. Recently, 
in some areas such as Oslo and London the trend has slowed down or 
Stopped. In others, for example Holland and Hungary, it is still continu- 
ing. A list of present-day ages of menarche in various countries, based on 
modern‘ probit-fitted data, has been given in Table 4 (page 101). The 
average is similar for most Europeans, including those in Canada, 


countryside in Europe a century ago. 
There is unfortunately little data re 
Guarinonius, writing of Austria in 16] 


The peasant girls in this Landschaft in general menstruate much later than the daughters of 
the townsfolk or the aristocracy, and seldom before their seventeenth, cighteenth or even 


garding these early times, but 
0, says: 


, in the same way asa tree which one waters too 
I-formed fruit than another. 

Passing by Guarinonius's ruro-humoral prejudices, we may conclude 
that in towns menarche was expected around 14 or 15, In Manchester, 


would now expect menarc 
better-off classes has been abi 

The causes of the trend to carlier maturity are probably multiple, 
though better nutrition is clearly the major factor, and perhaps in 
tein and calories in early infancy. A lessening 


-sex schools have been studiously 
schools in Finland and Sweden, 
hether this is a fair test of differ- 
be open to discussion. Climatic 

is true that the world mean 
WS Signs of reversing since then- 
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Fig. 41. Secular trend in age at menarche 1840- 
at year in which the average menarche took place. Sources o 


and 1973) 
However, climate seems to exe 
(1973) have shown that descen 
the same earlier menarche compare 
Europeans also in Sydney as they do in 
trend, both in earlier maturation and in 
phenomenon of human biology and has, into the bargai 
medical, educational and sociological consequences. 

It would be reasonable to infer that the brain also, 


smaller extent, has shown a secu | t 
that we should therefore expect children to pass intelligence test items 


somewhat earlier now than previously. The average 1Q of children, 
according to most surveys, has been either rising or else stationary, in a 
Situation where on genetical grounds we might well have expected it to 
drop. To what extent we should ascribe the rise to the action of the secular 


f data are given in Tanner (1962 


rt at most a very minor eflect, for Jamesetal. 
dants of Italian immigrants in Sydney have 
d with descendants of Northern 
Europe. At all events, the secular 
greater size is a considerable 
n, a host of 


though to a much 


lar trend in its speed of development and 
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trend and to what extent to a general increase in familiarity with 
intelligence tests is impossible to say (see discussion in Tanner, 1962, and 
results of Boyne and Clarke, 1959). We should not forget, however, when 
comparing the results of testing, for example, Scottish school children in 
1932 and 1947, that, in 1932 terms, the 11.0-year-olds of 1947 were not 
11.0 years but nearer to 11.5, at least from a physical point of view. A 


conservative estimate of the average increase in IO at age 11 to be 


expected between 1932 and 1947 due to the secular trend would be 2 to 3 
points. 


ggested for the increase in adult 
It may be that some degree of 
verning stature; this means that 
making for smallness marries a 

genes making for tallness the height of their 
average exactly half-way between, but a little to 
hnical language, dominance is said to exist when 

amongst the stature-influencing genes produce 
than to the ‘short’ homozygotes. If this occurs 
known as heterosis (or, in 
€ of outbreeding (that is, 
sons rather than cousins, 


gree of dominance in height 
ev i i "ur. As for outbreeding, that has been 
steadil i ction of the bicycle. 


CHAPTER EIGHT 


Implications for Educational Practice and Policy 


e implications for education of the facts of physical 
growth and development will besummarized. Many have been indicated 
in the relevant chapters, but it may be helpful to collect them together 
here. Many more will have occurred, no doubt, to the teacher reading 
this book. Only teachers themselves can find out and develop the full 
implications for education of these findings on physical growth. A better, 
if more catchpenny, title for this chapter would be ‘Questions teachers 


should ask themselves'. 


In this final chapter th 


Individual differences in rate of maturing 
Children differ widely in their rate of physical maturation. This is true 


of their growth in height and weight, of the development of the nervous 
structures underlying the ability to walk or to control micturition, of the 
time at which their endocrine glands bring about the changes of adoles- 
cence, and in all probability of the development of the brain, At 
adolescence, particularly, large differences exist between children of the 
same chronological age: one boy of 14 will be totally prepubescent, 
another nearly adult. There is reason to suppose that advancement in 
physical development (as represented by skeletal age) is associated not 
closely but still significantly with advancement in mental ability. It is 


certainly associated with emotional and behavioural differences. 
The extend of this variability is considerable. The normal range ofage 
over which menarche, the first menstrual period, may occur 1$ from 10 to 


16. Most of this variability is biological and hereditary in origin. Low 
retard development, but even if 


living standards and poor nutrition y 
everybody lived under optimal conditions there is reason to suppose that 
the normal range would be reduced by less than a year. 

Thus there are no social steps by which we can significantly reduce the 
range of individual differences in speed of physical maturation. It 
therefore behoves us to fit our educational system, in theory and in 


practice, to these biological facts. 
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Close linkage of chronological age and the class in which the child is 
placed may be considered objectionable on two grounds, when examined 
from this point of view. The first and minor objection comes from the 
relation between physical maturity and intellectual advancement. A fast- 
maturing boy will have a somewhat greater chance of passing any age- 
bound examination than will a slow-maturing boy of the same 
chronological age, even if the examination succeeds in testing abilities 
largely independent of social and emotional attitudes. To be fair, either 
some estimate of developmental age should be made and this factor 
allowed for, or else, more practically, a series of opportunities for the late 
maturer to use to catch up should be provided. It is no good his increasing 
his intellectual capacity at a time when there is nobody there, so to speak, 
to see him. If the usual "bus has left by the time he arrives others should be 
following after. 

The second and major Objection comes from the relation between 


physical maturing and emotional and social behaviour. The needs and 
interests of a mature 14-year- 
immature 14-year- 


gymnasium obviously creates difficulties. 


possible. In some subjects, for exampl 


homogeneity should be aimed at, for it is 
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produce effects on behaviour. This is 
à who may substitute a false aggressive 
rowdiness for the genuine manly drive they see developing in their 
contemporaries. When at last their puberty starts, the rowdiness may 
rapidly subside. While present it may superficially simulate the real fed- 
up aggression of the mature muscular early-maturing boy longing for 
physical risk and the exercise of daring and strength, committed instead 
to sit at a desk or a machine or a printing press, performing, to him, 
nonsensical tricks or dully repetitive work. With reflection on the facts of 
physical growth the differentiation between these two types of behaviour 
becomes easier. 

Inasimilar way the apparently inexplicable embarrassments ofthe girl 
who menstruates earlier than anyone else in her class, or whose breasts 
grow large while those of the remainder are still prepubertal, may be 
understood. The early-maturing boy, in general, is more likely than the 
late-maturing to achieve an advantageous position in school, to assume 
leadership in games and class activities. The same is not true, or istruetoa 
lesser extent only, of early-maturing girls. Probably developmental status 
at adolescence has more significance for boys than for girls, because of the 
more extensive changes that adolescence brings about in them. In the 
complex personality of the child the effects of advancement or delay are 
only one of many ingredients, but they are one, and being conscious of 
them helps in understanding individual children. These effects are 
already operative in nursery school: the early-maturing child tends to be 
ahead of the others in motor skills and hence to have a degree of social 


advantage. 
The effects of the secular trend must 


adolescence but during the whole of t p 
nursery school onwards. Equipment and techniques suitable for the 4- 


year-old of thirty years ago are more suitable for the 3½ year- old now; 
where they were once an impetus to advance they may now, unless 
continually revised, be an impediment. The present-day 14-year-old is, in 
physique and very probably in brain maturity also, the 15-year-old of a 
generation ago, and he must be treated accordingly. Itistrue he has had a 
year less education, f the world, but assimila- 
tion of experience and instruction is not measured by the calendar. If his 
social behaviour seems less rather than more mature (in the sense here of 
adult-like) that must be laid at the door of the social and educational 
pressures bearing or failing to bear upon him. Perhaps recognition ofthe 
effects of the secular trend would in itself help to make the approach ofan 


older generation more acceptable to a younger one. 


longer and seems more often to 
perhaps particularly true in boys, 


also be borne in mind, not only at 
he educational period from the 


and a year less experience o! 


The question 2 school-leaving age T | s 
el variability in rate of maturing is a stumbling block in all 
discussions of school- leaving age. Suppose; reasonably enough, that it is at 
least desirable to keep children in school until puberty 1s completed, so 
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The only solution to this dilemma seems to be to get rid of the idea ofa 
school-leaving age as such. Such a stati i 


Present system of grants to university 
students. Doubtless the administrative difficulties of establishing such a 


network would be great; but that isa challenge, not an argument. 


Growth and development of the nervous system r 
Clearly the way in which we teach children and the times at which we 
teach them various things must be governed by the manner of growth of 


their nervous systems. Of the several points stressed in the chapter on the 
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development of the brain perhaps two require the chief emphasis. These 
are the concepts of maturation and of sequence. 

In early childhood it is useless to begin toilet training at an age before 
the nervous pathways from brain to bladder are mature and functional. 
(It may indeed be reprehensible and in some cases it is certainly savage; 
but at all events it is foolish.) How often do we commit the same blunder 
in a more subtle form, later, during the school years? We enter here the 
domain of hypothesis, for we do not know to what extent the later cerebral 
mechanisms simply mature irrespective of environmental pressure, and 
to what extent each particular one is responsive to and can be influenced 
by attempts to learn. The hypothalamic centre controlling the time at 
which puberty begins, matures, simply; there is little evidence that 
environmental stimulation of the nervous system has much effect upon it. 
But the ‘mental structures’, as Piaget and Inhelder call them, responsible 
for formal intellectual operations, to what extent are they also independ- 


ent of learning? 

Furthermore, 
happens? Do we build u 
creation of the optimal cell a 


if we attempt to teach something too soon, what exactly 
p cell assemblies of a sort that may prevent the 
ssemblies for that particular skill at the time 
when the child’s nervous system is ready to encompass it? Conversely, if 
we delay too long the introduction of notions for which the child is ready, 
do we equally prejudice their accurate reception later? This is the 
question of sequence in development, of the growth gradients described in 
Chapter 4. The brain, no less than the limbs or the muscles or the 
ossification centres of the wrist, has its innate sequence of development. 
The sequence may differ from one child to another, but we may suppose 
that in each child it is largely genetically determined. Ideally as each level 
of brain development is reached, so the external environment should 
provide the data necessary for its exercise. McGraw makes the point that 
the young child exhibits a great urge to exercise constantly a newly 
acquired motor function. As the baby masters the new activity the 
frequency of its exercise diminishes. There is no reason to suppose that 
later and more complex skills involve a radical change in this desired 
pattern. What happens if at the moment when a skill or a mental 
structure’ first develops the child is starved of exercise for it? This is the 
problem of the critical period also discussed in Chapter 4. Does the 
optimal development of each phase of the sequence of brain maturation 
require environmental stimulation? What happens when a part of the 
sequence remains unstimulated? There 1s some evidence that subsequent 
learning, not only of that skill but of others too, may be lowered in 
efficiency. Delay in teaching, no less than precocity, may have undesir- 


able effects. 

One may say, of c 
particular subjects su 
wrong, because they 
reflect at least the situation 


ourse, that the times when we introduce children to 
ch as arithmetic, reading or algebra cannot be far 
have been established by trial and error and must 
of the average child. Leaving aside here the 
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implication of the secular trend, we may admit this. But the problem of 
individual differences in sequence and rate of maturation obstinately 
remains. At present we have no psychological tests of readiness to learn 
such-and-such. Nor do we have any physiological tests from which we 
may infer that certain cell assemblies are mature and ready to receive and 
operate upon data of a particular sort. Undoubtedly both will come in 
time. But until then, and perhaps beyond, the teacher must endeavour to 
distinguish in the individual child a genuine readiness to embrace a 


particular set of concepts, and he must distinguish its first flicker, if it is to 
be coaxed to a steady, practised flame. 
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Glossary 


Words in italic type are defined in this glossary 


AREA, ASSOCIATION. An arca of the cerebral cortex in which interpretation 
and integration of visual, auditory and other sensory information occurs. 
AREA, MOTOR (of the cerebral cortex). The area of the cortex which is 
essential to control of voluntary movements. See Fig. 27. 

AREA, SENSORY (of the cerebral cortex). The area of the cortex, situated in the 
parietal lobes (q.v. under Lobe), which is concerned with the perception of physical 
sensation. See Fig. 27. 

AXILLARY. Pertaining to the armpit. 

AXON. Defined on p. 72. 
BODY, GENICULATE. Centre in the midbrain responsible for relaying auditory 
and visual information to the cerebral cortex. 
BODY, LATERAL GENICULATE. Centre in 
relaying information from the optic tracts to the area o 
concerned with vision. 


BRAIN, MID. The short narrow pillar-like portion 
ulla. It contains centres for relaying information to the 


above the pons and med 

cerebral cortex from other parts of the nervous system or for transmitting 
downwards the controlling influence of the cortex over the nervous system. 
BUDS, TEETH. The primary outgrowths which evenutally develop into teeth. 
CAUDAL. Literally, towards the tail; in man, downwards. i 

CELL. The smallest unit of living tissues, consisting of à microscopic amount of 
protoplasm (a watery solution of various substances vital for life, such as protein 
and carbohydrate) with a nucleus of slightly different material containing the 
chromosomes. AT THE CELLULAR LEVEL. In terms of the chemical changes 


71 9 717 in the cells. 
ENTILE. D . 96. 
eic on p situated behind themidbrain, pons and medulla 


CER Part of the brain, 5 
* : f three bundles of nerve fibres which enable 


and connected to these by means o! ^ 
information to be conve from the cerebral cortex and spinal cord. The 
cerebellum is concerne d even execution of voluntary 


movements. 
CEREBRUM. Th 
whole upper part o 


the midbrain responsible for 
f the cerebral cortex 


of the brain, immediately 


yed to and 
d with the smooth ani 


n human beings, occupying the 


e chief portion of the brain i 
the right and left CEREBRAL 


che cranium, and consisting o 
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HEMISPHERES. The most highly developed functions of the nervous system— 
memory, intelligence, etc.—and the centres for sight, hearing, smell, taste and 
general body sensations are seated in the cerebral hemispheres. 

CERVICAL. At the level of the neck. 

CERVICO-ROSTRAL. From the neck upwards. 

CHARACTERS, SECONDARY SEX. Those characters, apart from the devel- 
opment of the reproductive organs, which make their appearance at puberty. They 
include the growth of pubic and axillary hair in both sexes, the bass voice and beard 
in men and the development of the breasts in women. 

CHROMOSOMES. Strands of complex chemical material contained in the 
nuclei of cells. The chromosomes are responsible for the manner in which cells 
differentiate and for the transmission of inherited characteristics, SEX CHROM- 
OSOMES. One particular pair of chromosomes which in the female are similar 
and called X and X, and in the male dissimilar and called X and Y. 
CIRCUITS, REVERBERATING NERVE. Patterns of nerve cell activities 
wherein impulses are sent down the fibres of one nerve cell, passed on by another 
and sent on by it to, amongst others, the first again. 
COEFFICIENT, CORRELATION. Defined on p. 63. 


CONSERVATION, IDEA OF. The realization that in cer 
tions the volume, 


CORD, SPINAL. Part of the central nervous s 
lower part of the back inside the vertebral column. 

CORPUS CALLOSUM. A mass of white matter consisting of nerve fibres 
connecting the two cerebral hemispheres with each other, 
CORPUS STRIATUM. A mass of grey matter in the brai 
with the control of muscle, and probably having a 
muscular movements, 

CORTEX, OCCIPITAL. The area of the cerebral 
the interpretation of visual experience. See Fig, 27, 
CORTISONE. A hormone similar to that produced by the adrenal cortex. 
CRETIN. An individual of stunted physical and mental development as a result 
of a deficiency of thyroid y i 


CURVE, GAUSSIAN. The graphic, bell- 


stem passing from the brain to the 


n concerned in some way 
steadying influence on 


cortex devoted to vision and 


receiving incoming impulses. 
DENTITION, DECIDUOUS. The teeth which e 
childhood; the primary or milk teeth. 
DEVIATION, STANDARD. A meas 


DISTRIBUTION. The set of relative frequencies or probabilities with which 
various values of a variable quantity occur. A very well-known and common one 
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is the GAUSSIAN, or NORMAL DISTRIBUTION. 

DYNAMOMETER. An instrument for the measurement of muscular strength, 
particularly of the hand, such as a spring balance. 
ELECTROENCEPHALOGRAM (EEG). A graphic record of the minute 
changes in electric potential associated with the functioning of the nerve cells ofthe 
brain, detected by means of electrodes applied to the scalp. 

EMBRYO. The offspring of any species in the earliest stages of development (in 
human beings, during the first three months after conception). 
EMBRYOLOGY. The study of the development of embryos. 

EMISSION, SEMINAL. The ejection from the penis of fluid containing sperm. 
This occurs close to the time of the male orgasm, or sexual climax. 
EPIPHYSES. Areas found at the ends of most bones, which ossify separately from 
the greater part of the bone: growth of long bones take place between the 
epiphysis and the main bone. 
ERROR, SAMPLING (e.g. of the mean). The discrepancy between a numerical 
value calculated from a sample, and the same value calculated from the 
population from which the sample was drawn. This discrepancy tends to decrease 
as the size of the sample increases. 

EXTENSOR. A muscle which on contraction causes a limb to extend or 
straighten. 
FETUS. The offspring of mammals during the later stages of prenatal develop- 
ment (in human beings, during the six months immediately preceding birth). 
FETAL LIFE refers to this period of development. 
FLEXOR. A muscle which on contraction causes a limb to flex or bend. 
GANGLIA, BASAL. A mass of grey malter lying below the cerebral cortex and 
including the corpus striatum. This part of the brain is mainly concerned with the 


maintenance of posture. 

GENES. Ultra-microscopic particles which are situated on the chromosomes and 
which are the agents for the transmission of hereditary characteristics. 
GENITALIA. The reproductive organs, male and female. 

GLAND, ENDOCRINE. An organ which produces and discharges directly into 
the blood-stream a substance (a hormone) which is thus carried to the various lissues 
of the body upon which it exerts an effect. 

GLAND, PITUITARY. The endocrine gland situated in the head (see p. 28) which 
exerts an overall control of the functioning of most other endocrine glands of the 
body. It also secretes a hormone controlling growth. r , 

GLANDS, ADRENAL. A pair of endocrine glands, situated immediately above the 
kidneys, each consisting of an inner portion, the medulla, which secretes the hormone 
and an outer portion, the cortex, which secretes à number of 
lling influence over several body functions." 

in red blood cells which is responsible for 
the tissues where it is utilized in metabolic 
ble for the red colour of these cells. 

f living tissues. 

endocrine gland into the blood and 
fluences the functional activity, or 


adrenaline, 
hormones exerting a contro' 
HAEMOGLOBIN. The protein 
carrying oxygen from the lungs to t% 
processes. The haemoglobin is respons! 
HISTOLOGY. The study of the cells o 
HORMONE. A substance discharged by an 
carried to various sites in the body where it in 
the growth and development of tissues. 

HORMONES, STEROID. Defined on p. 2 

adrenal gland. 
produced OR TISONE.. A hormone produced by the adrenal gland. 


7, Several steroid hormones are 


138 EDUCATION AND PHYSICAL GROWTH 


HYPOTHALAMUS. Defined on p. 29. 1 
LARYNX. The organ, situated in the neck, which contains the vocal cords and is 
responsible for voice production. . 

LOBE, FRONTAL. The area of the cerebral cortex, at the front of the brain, 


which includes the motor cortex, but also a large area of which little is definitely 
known. See Fig. 27. 


LOBE, OCCIPITAL. The area of the cerebral cortex concerned with vision. See 
Fig. 27. 

LOBE, PARIETAL. The area of the cerebral cortex where sensations of touch, 
warmth and coolness, and of muscular movements are interpreted. See Fig. 27. 
LOBE, TEMPORAL. The area of the cerebral cortex where sound is perceived 
and interpreted. See Fig. 27. 
MASTURBATION. Sell. manipulation of the genitalia in order to obtain pleasu- 
rable sensations, generally leading to a climax (or orgasm). 

MATTER, GREY. Nerve cells, constituting the outer portion of the brain and the 
inner portion of the spinal cord. 
MATTER, WHITE. Nerve fibres constituting the central mass of the brain and 
the outer portion of the spinal cord. 
MEAN. Average, obtained by adding u 
the number of values counted. 
MEDIAN. The value of the middl 
arranged in increasing order of the variable under discussion. 

MEDULLA, OBLONGATA. The continuation upwards of the spinal cord in 
the brain. The portion between spinal cord and pons. 

METABOLISM. A general term applied to the various chemical processes 


taking place in living tissues, e.g., the oxidation of food materials, with the 
consequent liberation of energy. 


MICTURITION. The voiding of urine. 
MIDBRAIN. See BRAIN, MID. 
MYELIN. A white fat-like substance. Th 
nervous system are ensheathed by this subs 
manner of an insulator. 
MYELINATION. The ac 
MYOPIA. Shortsightedness; 


P a set of values and dividing the sum by 


e individual, when all the individuals are 


e majority of nerves in the central 
tance, which acts somewhat after the 


NEONATAL. Immediately following birth. 
NERVE, THIRD. The oculomotor nerve, 


running from the brain to the eye 
muscles. 


n a particular way. 


LS, are cells which form 
elements proper. 
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to the cell body or dendrites of another cell, or to a muscle, while the dendrites, 

which may be branched, convey information to the cell body. 

NUCLEUS, DENTATE. A mass of grey matter in the cerebellum. 

OSSIFICATION. The conversion of cartilage to bone. 

OVARIES. The organs which form the germ cells, or ova, in the female. 

OVUM (plural OVA). The germ cells which are produced by the ovaries. The 

penetration of an ovum by a sperm (fertilization), as a result of coitus, leads to 

pregnancy. 

PATHOLOGICAL. Resulting from disease. 

PATTERNS, DOMAIN. Patterns of activity displa 

cerebral cortex. 

PERCENTILE. See centile. 

PERIOD, SENSITIVE. Defined on p. 13 and p. 55. 
d immediately above the medulla, relaying 


PONS. A part of the brain situate 
information from the cerebral cortex and the midbrain to the spinal cord and 


cerebellum. 
POSTMENARCHEAL. After the first menstrual period. 
POSTNATAL. After birth. 

PREMENARCHEAL. Before the first menstrual period. 
PRENATAL. Before birth. 
PROBIT or LOGIT (transi 
sets of observations. 
PSYCHOSEXUAL. Relatin 


distinct from its physical manifestations. , 
PUBERTY. The period of maturation of the male and female reproductive 


organs. 

PUBIC. Relating to the pubic bone, the portion of the hip-bone forming the front 
of the pelvis. PUBIC HAIR is the hair which begins to grow in this region at 
puberty. 

REACTANT. A substance taking 
RESPONSE, REFLEX. An invol 
unconscious. 

RETINA. The light-sensitive 
humans is shaped like a glo! 
anterior region and the lens, which 
ROSTRAL. The head end of the body. b 
SCROTUM. The pouch of skin suspended from the pubic region of the body, 
containing the estes. 
SECRETION (e.g, 
and discharged by them ei 
the exterior of the body, the gut, 
SPERM (i.e. SPERMATOZOON). The mature male germ ce 
upper part of the vagina during coitus. It fe 
STUDY, CROSS-SECTIONAL. Defined on p. 18. 

STUDY, LONGITUDINAL. Defined on p. 19. j 

SUBCUTANEOUS (fat)- Immediately beneath the skin. 

SUBSTANCE, NISSL. Defined on p- 73. 

TEETH, ERUPTION OF. The appearance of teeth through the gums. — 
TESTES. The male reproductive organs (corresponding to the female ovaries), 
responsible for the production of the male germ cells or sperm. 


yed by nerve cells in the 


formation). Statistical techniques for summarizing 


g to the mental and emotional aspects of sex as 


part in a chemical reaction. 


luntary response to a stimulus, conscious or 


tissue lining the posterior wall of the eye, which in 
be. Light enters the eye through the transparent 
focuses the light rays on the retina. 


from the endocrine gland). A substance produced by gland cells 
docrine secretion) (hormones) or to 


etc. (as in sweat, digestive juices). 
ll, deposited in the 
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THALAMUS. A mass of grey matter in the cerebrum, constituting the main relay 
station to the cortex for sensations of temperature, touch and muscle sense. 
TISSUES. Aggregations of similar cells which have differentiated to perform a 
certain function. Examples: nerve tissue, muscle tissue, glandular tissue. 
TISSUES, LYMPHOID. Tissue which is responsible for the manufacture of cells 
called lymphocytes. These cells play an important part in establishing resistance 
to infection and in the processes of immunity. 

TRACTS. OLFACTORY. Bundles of nerve fibr 


es conveying information 
concerning smell to the cerebral cortex. 
TRACTS, OPTIC. Bundles of nerve fibres conveying information concerning 
vision to the cerebral cortex. 


TRACTS, PYRAMIDAL. Nerve fibres descending from the cerebral cortex 


(motor area) to the spinal cord, establishing brain control over muscles. 
UTERINE. Of the womb or uterus. 


VESTIBULAR SYSTEM. A group of cells in the medulla, relaying information 
from the balance-sensitive mechanism 


of the ear, to the cerebellum and the spinal 
cord. The sense of balance depends on this system. 
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androgenic hormone, 96 
anorexia, see starvation 
anxiety, psychosexual, 46-7 
arm, 13, 25-6, 57-8 
association areas of brain, 


77, 85, 135 
auditory area of brain, 74, 76, 77, 


78 
axons, 72-3, 74, 82, 83 


74, 76, 


basal ganglia, 69, 137 
‘battered babies’, 113 
behaviour, 11, 66, 79, 80, 109 
and developmental age, 34, 42, 45, 
123 
birth order, 113-14 
bladder control, 81, 86, 125 
blood, 27, 29, 73 
body shape, 27, 34-5; 91-2, 98 
12, 16, 35-7, 54, 


bones, growth of, 
99, see also skeletal age, skeletal 


growth 
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brain, 67-89 passim 
areas of, 74, 75 
and EEG, 67, 84-5 
wth of, 12, 13, 21-2, 42, 56, 59, 
61, 62, 68-78, 107, 125 
influences on development, 80-4 
and intelligence, 78-9, 85-9, 119 
sex differences in?, 27, 80, 81 
tumours, 84 
weight of, 68-9 
breast, 29, 32, 48 
enlargement in boys, 30-1 
milk; 104, 105, 110 


calf, 13, 25, 57 

castration complex, 46-7 

catch-up growth, 52-4, 104, 105-6, 
108-9, 110, 113 

cells, 55, 72, 83, 86, 91, 135, see also 
neurons 

cerebellum, 67, 69, 70, 71, 73, 78, 
135 

cerebral cortex, 72, 73-9, 84 

cerebral hemispheres, 71, 80, 136 

cerebrum, 67, 69, 70, 71, 73, 135 

chromosomes, 55, 56, 59, 60, 93, 136 

cingulate gyrus, 74, 77 

climate, effect on development, 
99-102, 118-19 

cognitive development, 13, 62, 63, 
105, 125 

and brain development, 68, 78-9, 
84, 85, 86, 89 
see also intelligence, learning 
connectivity, of cells, 73, 79, 82, 83, 86 
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corpus callosum, 69, 136 
crawling, 61, 86 

cretins, 81, 136 . 
critical period, see sensitive period 
cytoplasm, 73, 74, 92, 136 


dendrites, 72-3, 74, 79, 81, 84, 86 

dental age, 35, 36, 37-8, 39-40, 63, 
see also teeth 

developmental age, 11, 48-9, 95, 96, 
122 

measuring, 12-13, 31, 34-6, 37, 

49, 112-13 

DNA, 90, 91 


ear, 2] 

education, 11, 14, 35, 41, 48-9, 
63-4, 111-12, 121-6 

EEG, 67, 84-5, 137 

embryological development, 55, 56, 
57,91 

emotional development, 62, 79, 105, 
109, 111 


and physical development, 41, 
45-9 


endocrine system, 15, 27-30, 40, 56, 
60, 66, 101, 110, see also 
hormones 

control of, 29 


environment, 13, 60, 106, 109-10, 
116 


and intellectual development, 79, 
84, 86, 89, 109, 125 
interaction with heredity, 13, 86, 
90-1, 92 
stimulation in, 79, 8], 84, 90, 125 
evolution, 13, 91, 99-100, 104, 108 
exercise, 23, 80, 110-11 
eye, development of, 21, 22-3, 55, 
59, 101 
and brain, 82-3 
cataracts, 55 
see also vision 


face, 22, 59 
family size 
and growth, 113-14 
and intelligence, 44, 107 
fat, see subcutaneous fat 
fetal growth, 40, 59, 7], 78, 105, 107 
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fetus, 59, 65, 76n., 91, 137 

finger, 27, 59 

foot, 13, 57, 58 

frontal lobe of brain, 74-6, 77, 138 


genes, 40, 50, 59, 60, 66, 68, 90, 
92-6, 98, 120, 137 
age-limited, 66, 68, 93 
sex-limited, 93 
geniculate body of brain, 82-3, 135 
glial cells, 73 
wth 
Qe 11, 13, 56-9, 68, 125 
regularity of, 16, 38-9, 50-1, 63, 
82-3, 125 


hair 
axillary, 30 
facial, 30 
pubic, 30-2 
hand, 13, 35, 58 
grip, 25-7 
head, 38, 58, 92 
hearing, 77 
heart, 24 
height 
and adolescent spurt, 32, 46 
genetic influence on, 92, 93-6 
and intelligence, 44 
and nutrition, 104, 105, 110, 111 
Predicting, 63-4, 65 
and secular trend 117-18 
velocity, 15-18, 113-14 
‘height age’, 42 
hippocampal rus, 74, 77 
M mag 21.25 27-30, 40, 56, 93, 
97-8, 101, 113, 137 
growth hormone, 29-30, 53-4, 113 
releasing hormones, 29 
sex hormones, 23, 25, 27-9, 40, 56 
see also endocrine system 
hospitalization, 109, 110 
Huntington's chorea, 66 
hypothalamus, 29, 69 


illness, effect on growth, 51, 110, 118 
individual differences, 14, 86, 122, see 
also intelligence, personality, 

variability of growth 
infant mortality, 20 
insula, 74-6, 77 
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intelligence, 13, 36, 41-5, 78-9, 
85-9, 95, 105, 107, 109, 122 
and brain development, 78-9, 
85-7, 119 
and environment, 45, 79, 89, 105 
and physical maturity, 13, 40, 
41-5, 119-20 
sex differences in, 40 
see also cognitive development, 
mental ability 
intestines, 21 


jawbone, 22 
knee, 12 


language, 78, 80 

larynx, 30, 138 

learning, 68, 80, 81, 85, 125 
perceptual, 84, 85 

leg, 57-8 
length, 23-4, 34 

longitudinal studies, 16n., 18-19, 20, 

32, 67, 85, 86-7, 88, 100, 113 
lungs, 27, 100 
lymphoid tissue, 21, 23 


malnutrition 
and brain development, 70-1, 81 
effects on growth, 100, 102-4, 
105-7, 108, 109, 121 
see also nutrition, starvation 
medulla, 69, 70, 138 
memory, 68, 81-2 
menarche 
age variation in, 32-3, 95-6, 99, 
114, 119 
and climate, 100, 119 
and secular trend, 118, 119 
and skeletal age, 36-7 
mental 
ability, 41-5, 66, 68, 79, 86, 89, 
107, 121, see also intelligence 
development, see cognitive 
development 
subnormality, 44, 60, 105, 107 
midbrain, 69, 70, 71, 135 
mongolism, 60 
motor area of brain, 74, 76, 77, 79, 
135 
movement control, 70-1, 76, 78 
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muscular 
growth, 21, 23-4, 27, 110 
strength, 24-5, 27 
myelin, 73, 81, 138 
myelination in brain, 74, 76n., 77-8, 
79, 81, 85-6, 138 
myopia, 22-3, 138 


National Child Development Study 
(UK), 44, 113, 114 
neck, 76 
nervous system, development of, 55, 
66, 67, 68, 80, 82, 84, see also 
brain, spinal cord 
and education, 124-5 
neuroglia, 72, 73, 138 
neurons, 72-3, 74, 82-3, 85, 88, 
138-9 
Nissl substance, 73, 74, 76 
nutrition, 90, 91, 100, 102-10, 
111-12, 116, 121 
normal requirements, 104-5 
see also malnutrition, starvation 


occipital lobe of brain, 74, 77, 82, 
138 

oestrogen, 28, 29, see also hormones 

ovaries, 27-8, 139 


parent-child 
correlations of growth, 54, 66, 
92-5 
interaction, 60, 89 
parietal lobe of brain, 77, 138 
penis, 30-1, 56 
personality, 47, 60, see also emotional 
development, psychological 
disturbances 
pituitary 
gland, 28-9, 56, 98, 137 
hormones, 28-30 
pons, 69, 70, 71, 139 
premature babies, 81 
psychological disturbances, 33, 46-7, 
48, 60, 111, 113 
psychological functions, development 
of, 40, 60 
puberty, precocious, 29, 40, 60 


racial differences in growth, 98-100 
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